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Slow climate changes have long been thought to influence human social evolution. The social dynamics produced by rapid climate changes, however, may be of greater importance. Rapid climate changes of multi-generational duration occurred globally, semi-globally, and locally and some appear to have had a 1500 year frequency. Sudden semi-global droughts synchronously displaced large numbers of people to refugia. Some refugia were constricted and, where they did not collapse, experienced abrupt increases in population densities and resource stresses, forcing the adoption of agricultural methods to secure food. In constricted refugia, people lost some of their nomadic skills over a few generations and could not easily resume earlier lifestyles, hence remaining sedentary or adopting a modified former lifestyle. When a subsequent climate shock displaced people who recolonized earlier territories, some refugia had local, adapted, hold-over populations. Refugees were unskilled in agriculture, needy, and mostly unrelated to locals. These disadvantages produced a natural original stratification.

INTRODUCTION OVERVIEW

INTRODUCTION

Climate changes are phenomena that modify the human environment and as such demand continuous adaptation. The geological record reveals with increasing clarity the nature and duration of these events. In particular, oscillating glacial and interglacial periods, both punctuated by colder and warmer interludes, have occurred over the past 1 million years. Moreover, the transitions occurred suddenly, rather than gradually, and on a timescale of decades: varying from 5 to 70 years (see Adams et al. 1999). It is also known that climate "flickering" occurred on an approximately 5-year interval during these transitions (see [START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF]. Therefore, these dramatic shifts in environmental conditions, occurring on human sublifespan timescales and of supra-lifespan durations, must have had and may have rather profound effects on global vegetation and climate [START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF]: 3) and hence human social development.

The effects of climate changes on human societies have been considered by many anthropologists, hypothesizing their formative influence on the rise of agriculture and civilization (e.g. [START_REF] Childe | New light on the most ancient east[END_REF][START_REF] Henry | From foraging to agriculture: the Levant at the end of the Ice Age[END_REF][START_REF] Wright | Environmental determinism in Near Eastern prehistory[END_REF]). However, these effects were considered to have occurred over long periods taking hundreds or thousands of years (e.g. Harlan 1995:239;[START_REF] Sanderson | Social transformations: a general theory of historical development[END_REF]Willcox 1999:494).

Of importance here, also, is the fact that over such periods of time as conditions were favorable for population growth, the process was inherently directional (and may perhaps fluctuate considerably from very low to rather high depending on the prevailing general climate) and the longer conditions were stable for, the greater the increase in population that was possible. Population growth has also been seen by many authors to be a causal agent, in addtion to or in place of climate changes, for the processes of domestication, cultivation, state formation, and stratification (e.g. [START_REF] Armelagos | The origins of agriculture: population growth during a period of declining health[END_REF][START_REF] Boserup | The conditions of agricultural growth[END_REF][START_REF] Cohen | The food crisis in prehistory[END_REF].

The accumulating evidence of relatively rapid climate transitions therefore makes a reevaluation of climate-driven social changes imperative due to the radically different dynamics that would have ensued compared to gradual changes. A model of the expected social dynamics in response to climate conditions, especially rapid and severe changes, is presented here with the aid of two case studies and a global overview, and it is shown how these climate changes may have lead to the development of agriculture and state formation.

OVERVIEW

In particular, I am arguing here that climate conditions permitted a world-wide natural increase in human populations, hence creating a number of different population basins. Subsequent sudden climate shifts, especially the rapid onset of droughts, mobilized these populations. The presence of local resources in conjunction with factors of geographic constriction resulted in an accumulation of humans at these internal refugia.

In such refugia, resources became stressed, leading to the development of agriculture. Where droughts lasted for several generations, knowledge of former hunter-gatherer life-styles were lost and reradiations into former habitats from refugia were attenuated, leaving behind a sedentary population. Subsequent sudden droughts, once again drove humans from their hinterlands into refugia where they now encountered established populations skilled in agriculture. Compared to the refugees, these populations were affluent and secure, giving rise to natural strata and state formation. It is hypothesized that further climate changes repeated these processes and that in those refugia where states existed, further social restructuring occurred, leading, for example, to the particular advancements in Hellenic and Chinese cultures.

Subsequently, migrations may result in cultures originating in one geographic area being transported to another, perhaps undergoing modification along the way due to circumstances of natural and/or social environment, hence generating complexity in the array of cultural phenomena.

These two processes -environmental entrainment and population responses -lay at the heart of human social development: the former by synchronizing development on a global-like scale and the latter by giving directionality to the developmental process. This is the most likely way that we can account for the remarkable synchrony observed in the independent appearance of domestication and states worldwide, and the tendency for these developments to be irreversible, hence producing a parallelism of events considered to be of cardinal importance to anthropology and in want of explanation (e.g. Harlan 1995: 239;Sanderson 1999: 69).

These processes were furthermore subject to local conditions that served to modify the pace of development locally. In other words, as a general principle, it is necessary to identify the fundamental forces at work first, and then to look at how they are modified by local circumstances. Ceteris paribus, the former will dictate the general potential, the latter the specific course of development.

EARLY SOCIAL DEVELOPMENT A Synchronizing Event

The Younger Dryas, a global, severely cold and arid event, lasting about 1,700 years, occurred at the end of the previous glacial period. It started suddenly, within 45 years, during the Bolling-Allerod warming phase that succeeded the last glacial maximum, causing average global temperatures to plummet by 3 -4 °C and 7 °C in the North Atlantic basin (see [START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF]. It came to a sudden end about 11,500 calendar years before the present (YBP) (e.g. Adams et al. 1999;[START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF]). This transition, during which the global temperature rose by several °C, occurred over about 2 decades or so (Adams et al. 1999) and heralded the onset of the Holocene. During the early Holocene, glaciers retreated, arid areas shrunk, sea and lake levels rose, and large parts of the world were (re-)colonized by vegetation better suited to the now prevailing hotter and moister climatic conditions (e.g. [START_REF] Dupont | Vegetation change in equatorial West Africa: time-slices for the last 150 ka[END_REF][START_REF] Adams | A new estimate of changing carbon storage on land since the last glacial maximum, based on global land ecosystem reconstruction[END_REF][START_REF] Adams | Global land environments since the last interglacial[END_REF]Williams et al. 1998: 181;Lowe and Walker 1997: 346). Since many marine and terrestrial organisms are very sensitive to climate changes (e.g. [START_REF] Birks | Two terrestrial records of rapid climate change during the glacial-Holocene transition (14,000 -9,000 calendar years B. P.) from Europe[END_REF], some of these environmental processes were quite rapid, following the onset of the Holocene within 20 -50 years [START_REF] Brauer | Rapid terrestrial responses to Younger Dryas climate change[END_REF][START_REF] Knox | Magnitudes and spatial patterns of Holocene hydrologic sensitivities to global climate changes[END_REF].

Given the hunter-gatherer lifestyle of humans at this period, and the accompanying benefits of excellent nutritional and largely disease-free states [START_REF] Armelagos | The origins of agriculture: population growth during a period of declining health[END_REF][START_REF] Sahlins | Stone Age economics[END_REF], it is not unreasonable to expect fairly rapid population growth responses, like that 3,000 YBP in Colorado [START_REF] Benedict | Effects of changing climate on game-animal and human use of the Colorado High Country (U.S.A.) since 1000 BC[END_REF] or as evidenced around 10,000 YBP by the onset of steep world product growth rates (my interpretation of data from [START_REF] Hanson | Long-term growth as a sequence of exponential modes[END_REF], followed by dispersal in many areas (e.g. [START_REF] Garcia | The Pleistocene/Holocene transition and human occupation in the Central Andes of Argentina: Agua de la Cueva locality[END_REF][START_REF] Miotti | Biodiversity, taxonomic richness and specialists-generalists during Late Pleistocene Early Holocene times in Pampa and Patagonia (Argentina, Southern South America)[END_REF][START_REF] Su | Ychromosome evidence for a northward migration of modern humans into eastern Asia during the last Ice Age[END_REF][START_REF] Zazula | The role of linguistics within a multidisciplinary framework for studying the initial peopling of the Americas[END_REF].

After a millenial-scale period of nearly ideal conditions, during which most of the world's landmasses were bio-productive (e.g. [START_REF] Indermuhle | Holocene carbon-cycle dynamics based on CO 2 trapped in ice at Taylor Dome, Antarctica[END_REF][START_REF] Severinghaus | Timing of abrupt climate change at the end of the Younger Dryas interval from thermally fractionated gases in polar ice[END_REF]Williams et al. 1998: 68;Lowe and Walker 1997: 366) and colonized by humans with a hunter-gatherer lifestyle (e.g. [START_REF] Haynes | Geoarchaeological manifestations of Younger Dryas and later climate change in the Darb el Arba'in desert, eastern Sahara[END_REF]), a sudden cold snap occurred. For the moment I shall not attempt to identify this event precisely, save to say that the near-global Younger Dryas or a semi-global dry period around 8,200 YBP, inter alia, are candidates. The onset of both events (and indeed others) appears to have been fairly rapid, occurring within a decade or two (see Adams et al. 1999;[START_REF] Alley | Abrupt climate changes of the past -and the future? -lessons from the Greenland ice cores[END_REF][START_REF] Alley | Holocene climatic instability: A large event 8000-8400 years ago[END_REF][START_REF] Ayalon | The transition from the last glacial maximum to the early Holocene in the Eastern Mediterranean region as recorded by cave deposits[END_REF][START_REF] Mayewski | Major features and forcing of high-latitude Northern Hemisphere atmospheric circulation using a 110 000 year-long glaciochemical series[END_REF][START_REF] Stager | Abrupt mid-Holocene climatic transitions registered at the equator and the poles[END_REF], and brought about wide-spread cold and arid conditions of centuries' duration, but with local variations in onset, extent, and severity [START_REF] De Menocal | Coherent high-and low-latitude climate variability during the Holocene warm period[END_REF][START_REF] Gasse | Hydrological changes in the African tropics since the Last Glacial Maximum[END_REF][START_REF] Jalut | Holocene climatic changes in the Western Mediterranean, from south-east France to south-east Spain[END_REF][START_REF] Gaillard | Correlation of Holocene climate proxy-records on a north-south European transect: glacier, tree-limit and lake-level changes -problems and prospects[END_REF]Alley et al. 1997, Denton andKarlen 1973). Virtually overnight, drastic changes in the hydrologic balance occurred, especially in the low and mid latitudes (Adams et al. 1999;[START_REF] Lioubimtseva | Impacts of climatic change on carbon storage in the Sahara-Gobi desert belt since the Last Glacial Maximum[END_REF][START_REF] Lamb | Relation between century-scale Holocene arid intervals in tropical and temperate zones[END_REF]Street-Perrot and Perrott 1990). Large areas of the world became inhospitable to plants and animals, forcing their retreat to refugia (e.g. [START_REF] Maley | Vegetation dynamics, palaeoenvironments and climatic changes in the forests of western Cameroon during the last 28,000 years BP[END_REF][START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF][START_REF] Adams | Did Indo-European languages spread before farming?[END_REF][START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF][START_REF] Gallimore | Role of orbitally induced changes in tundra area in the onset of glaciation[END_REF][START_REF] Wright | Environmental determinism in Near Eastern prehistory[END_REF]. Humans, of course, would have had to follow (e.g. Benedict 2000;Messerli et al. 2000:463;Dutour 1998:141;McDonald 1998a:131;[START_REF] Jones | Hunter-Gatherer adaptations to the terminal Pleistocene and early Holocene environments of northeastern North America: effects on site visibility[END_REF]; detail in Appendix A). Figure 1 shows the general direction of desiccation, hence the putative migratory tendencies of people away from drying areas.

I hypothesize here that the nature of these refugia and the consequences of taking to them for sanctuary were crucial factors that shaped human social development.

The nature of refugia

It is well-known from climatological studies that zones with relatively less rainfall occur circorbitally between the equatorial zone and more lateral temperate zones (see [START_REF] Blanchard | The mechanism behind modern climate zones[END_REF]. These were also the ones to experience the more rapid and extreme desiccation [START_REF] Adams | Global land environments since the last interglacial[END_REF]), possibly associated with the failure of the African and Indian monsoon rains [START_REF] Doherty | Fully coupled climate/dynamical vegetation model simulations over Northern Africa during the mid-Holocene[END_REF][START_REF] Gasse | Hydrological changes in the African tropics since the Last Glacial Maximum[END_REF][START_REF] Liu | Modeling climate shift of El Niño variability in the Holocene[END_REF][START_REF] Moustafa | Mid-Holocene stable isotope record of corals from the northern Red Sea[END_REF][START_REF] Phadtare | Sharp decrease in summer monsoon strength 4000-3500 cal yr BP in the central higher Himalaya of India based on pollen evidence from alpine peat[END_REF][START_REF] Sarkar | Palaeomonsoon and palaeoproductivity records of delta O-18, delta C-13 and CaCO3 variations in the northern Indian Ocean sediments[END_REF][START_REF] Street-Perrott | Drought and dust deposition in the West African Sahel: A 5500-year record from Kajemarum Oasis, northeastern Nigeria[END_REF][START_REF] Texier | Sensitivity of the African and Asian monsoons to mid-Holocene insolation and data-inferred surface changes[END_REF], from which humans would have had to retreat. There is also evidence of global or semi-global synchrony in these events, for example, between climate regimes in the North Atlantic and water levels in the Tigris and Euphrates rivers [START_REF] Cullen | North Atlantic influence on Tigris-Euphrates streamflow[END_REF][START_REF] Street-Perrott | Drought and dust deposition in the West African Sahel: A 5500-year record from Kajemarum Oasis, northeastern Nigeria[END_REF]. It is furthermore important to note that climate conditions in the Early and Mid Holocene were more regionally coordinated and became progressively more regionally variable (e.g. [START_REF] Swezey | Response of aeolian systems to Holocene climatic and hydrologic changes on the northern margin of the Sahara: a high-resolution record from the Chott Rharsa basin, Tunisia[END_REF][START_REF] Holmes | A high-resolution Holocene ostracod record from the Sahel zone of Northeastern Nigeria[END_REF]; also evident in Figures 4 and5). Geographically isolated internal refugia were therefore synchronously affected by climate changes on a semi-global scale, especially in the Late Glacial period and Early Holocene, and this set of conditions is consequently in my view the single most likely cause for the independent and quasi-synchronous nature of the development of early agricultural and centralized societies.

One could surmise then that refugia should have had general characteristics similar to those large hinterland areas from which humans were being displaced: easily accessible potable water, sufficient (known) plant and animal foods, and tolerable temperature ranges. The world's equatorial areas would have met the requirements for refugia most easily.

Figure 1

Regions of the world that suddenly became arid (lighter areas) during cold events occurring in the Holocene and the likely general directions of migration of populations from these areas. The top panel is based on present-day global surface temperatures (adapted from NASA 1994), assuming that hotter land surface areas were also most likely the first to have become arid under Holocene conditions. The bottom panel is a composite (adapted from [START_REF] Adams | Global land environments since the last interglacial[END_REF] showing changes in global vegetation between the (potential) present coverage and that inferred for about 8,900 YBP.

Where the onset of arid conditions turned land adjacent to equatorial zones inhospitable, plants, animals, and humans would have retreated to the periphery of and into these relatively large and still bio-productive, but shrinking (e.g. [START_REF] Phadtare | Sharp decrease in summer monsoon strength 4000-3500 cal yr BP in the central higher Himalaya of India based on pollen evidence from alpine peat[END_REF][START_REF] Martinelli | Carbon-13 variation with depth in soils of Brazil and climate change during the Quarternary[END_REF], equatorial areas. Having examined skeletal material from the Western Sahara, Dutour (1998:141) points out that "From 4 ka bp, the climate is getting arid again, and compels this neolithic population to migrate to the South. We authentified this migration on an anthropological point of view...". Retreating to these refugia would have been relatively uneventful, especially where no natural obstacles hindered relocation.

Shrinking temperate zones would also have been adjacent to regions suffering drought, and would have offered water, plant and animal foods, but colder and more troublesome temperatures (e.g. [START_REF] Tarasov | Holocene vegetation and climate changes in Hoton-Nur basin, northwest Mongolia[END_REF][START_REF] Ji | Climatic change in arid areas of China and monsoon fluctuations during the past 10 k years[END_REF][START_REF] Alexandrovskiy | Paleaosols of North Caucasus Kurgans: Studies of Holocene paleoenvironmental changes[END_REF]. Likewise, retreating to these areas would have been relatively uneventful where no significant natural obstacles occurred. I assume therefore that some human groups also retreated to the periphery of these areas with the onset of a severe cold and arid event.

Finally, let us consider the remaining refugia and that category of most import in these events. This category of refugia I shall call internal refugia, to differentiate them from the previously described external refugia. If the attributes of the refugia have to be ranked, the availability of potable water may rank at the top. Since internal refugia were located in aridizing zones, adequate water could only be had by a sufficiently large original reservoir (that may not have lasted long enough to provide refuge for the entire dry period) or by external underground or surface water supplies. These requirements allow us to examine the global geography to identify such regions with potential palaeorefugia. Of particular interest would be large freshwater lakes situated within, and large rivers coursing through, drying areas.

Population increases

The semi-global nature ("...changes in monsoon strength are abrupt and synchronous over large regions...") and very short onset time-scales ("...palaeohydrological changes suggest that dramatic abrupt shifts in hydrologic balance can occur on a spectrum of societal-relevant timescales...") (Duplessy and Overpeck 1994: 17, 19, respectively), over which these events occurred are of central importance in the case of internal refugia. In addition to groups whose normal territory included parts of these refugia, comparatively large numbers of people (and also wild animals) now converged on them. This would have resulted in fairly sudden increases in refugial populations.

For example, south-central Levantine sites show a dramatic (~5,000 %) increase in size (Kuijt 2000: Figure 4) with the contemporaneous 8,000 YBP dry event as shown in Figure 2 below and discussed in Appendix A. Byrd and Monahan (1995:279) concluded from increased secondary early Natufian burials that during a period of declining climatic conditions increased settlement mobility involving entire families resulted, reflecting an adaptive response to subsistence needs. McDonald (1998a:131) suggests, based on evidence from North Africa, that population increases seem to be coincident with adverse environmental conditions. From the southern (Nunez 1994:357) and central Andes (e.g. Kornbacher 1999:303) similar patterns of population displacement coincident with poor climates appear. [START_REF] Varela | Structure of the prehistoric population of San Pedro de Atacama[END_REF] found clear evidence of considerable change in human genetic variability that occurred in the transition between the Formative and Tiwanaku Periods based on an analysis of craniometrical data from a north-Chilean prehistoric population spanning 4 cultural phases. Phase I covered the period 500 B.C. to 300 -400 A.D. and was followed by phase II from 300 -400 to 1000 A.D. that included the Tiwanaku Period (ca. 600 to 1000 A.D.). Lake sediments from the northern Andes suggest that phase I was accompanied by frequent El Niño events and more than normal rainfall while phase II was characterized by very dry conditions -a transition that occurred between 400 and 600 A.D. [START_REF] Rodbell | An ~15,000-year record of El Niño-driven alluviation in southwestern Ecuador[END_REF]. Phase III was even drier than phase II but changed into a wetter phase IV. The biological distance between populations of phases I and II constituted the greatest distance between any of the 4 phases studied -indicative of an inmigration of (unrelated) individuals from the high plateau [START_REF] Varela | Structure of the prehistoric population of San Pedro de Atacama[END_REF] concurrent with the transition from wet to dry. Furthermore, the greatest degree of kinship occurred between phases II and III when the climate changed from dry to drier, very much concordant with aggregation and containment of the population and not dispersal. In North America the well-known wide-spread migration from the Mesa Verde area to the northern Rio Grande occurred around 1250 A.D. which nearly perfectly matches the severe drought conditions that occurred around this time (see [START_REF] Demenocal | Cultural responses to climate change during the late Holocene[END_REF]. This resulted in sizeable population increases (some near 10-fold) at Rio Grande sites (see Cordell 1995 and her references). [START_REF] Ahlstrom | Environmental and chronological factors in the Mesa Verde -Rio Grande migration[END_REF] concluded that considerable evidence exists for an environmental gradient of proper magnitude and human relevance in favor of the Rio Grande at this time. Also from China, such dramatic increases in population levels at refugia are reported (Liu 1997:270 Fig. 29). Examples of such climate-demographic relationships are shown here in Figure 2, and also later (Figures 4,5,and 6).

Finally, these events are entirely consistent with [START_REF] Keckler | Catastrophic mortality in simulations of forager age-at-death: where did all the humans go[END_REF] biphasic model of demographic change and Collins et al.'s (1999) report on genetic epidemiology. The former, suggesting long periods of human population growth punctuated by catastrophic declines and their associated variant demographic profiles, appears to be substantiated by genetic evidence from the latter showing cycles of population expansion and contraction that apparently occurred primarily in the Neolithic. Moreover, the global pattern of language distribution shows high diversity in tropical regions (external refugia) and lower diversities elsewhere (regions possessing internal refugia), a pattern consistent with the aggregation of people in internal refugia and ascribed to climate variability by [START_REF] Nettle | Explaining global patterns of language diversity[END_REF], although for different reasons.

Geographical constriction

Some refugia, by virtue of being internal, are geographically constricted. In some cases, additional natural obstacles (other than large tracts of newly-arid land) served to further emphasize their geographical isolation. These additional obstacles were impassable mountain ranges, impassable bodies of water, or impassable pre-existing deserts. It is also essential to realize that, by implication, internal refugia were of finite extent and hence possessed finite resources.

Figure 3 shows, globally, a number of the larger areas that meet the general requirements of refugia that have been identified based on current and paleoclimatological and topographical data (see Figure 1) and identifies some regions where constricted refugia may have existed. These refugial regions are broadly identified and characterized in Tables A1 andA2 of Appendix A.

Figure 2

The changes in adverse environmental conditions reconstructed for different regions of the world superimposed with plots of population size, site number, or date distribution. Note that populations tend to increase sharply during dry periods and tend to decline during milder or collapse during prolonged dry periods (compiled from various sources as indicated in the text).

See also Figures 4, 5, and6. A1 andA2 in Appendix A.

Population densities

The two factors impacting internal refugia, i.e. the dynamic one of population influx and the static one of geographical constriction, had an important consequence. It lead to a rapid increase in population densities in these areas. High local population densities had, in its turn, two consequences of germane importance in human history: the rise of agriculture, and the rise of the state. I shall address each of these, and the particular mechanisms by which I suspect they were generated, in turn.

Resource stresses

Given the finite extent of internal refugia, their carrying capacities (in any sense of the word), would have been finite as well. It is therefore unavoidable to conclude that some degree of resource stress would have occurred in some internal refugia. This consequence is of particular significance: large internal refugia with small initial hinterland populations are likely to have experienced light levels of resource stress, while small internal refugia with large initial hinterland populations would have experienced a complete collapse of resources, thus essentially ceasing to exist as refugia. Other internal refugia would have experienced different levels of resource stress that demanded that human refugial populations change their lifestyles (e.g. [START_REF] Meltzer | Human responses to middle Holocene (Altithermal) climates on the north American Great Plains[END_REF][START_REF] Miotti | Biodiversity, taxonomic richness and specialists-generalists during Late Pleistocene Early Holocene times in Pampa and Patagonia (Argentina, Southern South America)[END_REF][START_REF] Byrd | Death, mortuary ritual, and Natufian social structure[END_REF]. The conclusions reached by Kornbacher (1999: 295) that "no Late Preceramic sites wi th monumental architecture are recorded in the large, well-watered alluvial valleys of the northern north coast" but that these occurred instead in the more circumscribed Andean valleys to the south near Lima shortly after the onset of more variable environmental conditions, have particularly interesting implications. In short, they seem to indicate that far northern valleys generally did not achieve high population densities and that southern valleys collapsed or could not sustain large enough populations at the requisite densities to produce monumental architecture. A fine-grained analysis of the spatial distribution of population densities over time for the Andean region would be of great interest. The evidence from China [START_REF] Liu | Settlements patterns, chiefdom vriability, and the development of early states in North China[END_REF]) permits a similar conclusion to be drawn and is discussed in more detail later.

The rise of agriculture

One of the consequences, forced upon Neolithic peoples by this confluence of environmental factors, was the rise of agriculture. In particular, I believe that the availability in internal refugia of wild animals and many wild plant foods would have been limited, requiring either rationing (for all) or appropriation (for some -the first signs of stratification). In the former case more slowly and the latter more rapidly, conditions would have deteriorated to the point where some people may not have had enough to eat. [START_REF] Keely | Proto-agricultural practices among hunter-gatherers: a cross-cultural survey[END_REF] concluded from an analysis of proto-agricultural communities that environmental and dietary factors were indeed more important in the transition to agriculture than social and cultural factors (in the order: ecological resources, precipitation, and population growth). In the Andes the climate changed around 8,000 YBP from moist to very dry and it is during the dry period that people settled around stable water sources and during which domestication and agriculture developed (e.g. [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF][START_REF] Hansen | Late Quaternary vegetational change in the central Peruvian Andes[END_REF]Nunez 1994:357). [START_REF] Bar-Yosef | The role of the Younger Dryas in the origins of cultivation in South-West Asia[END_REF] suggests that the Natufians in the Levant intentionally started plant cultivation in response to the crises of the Younger Dryas and the accompanying scarcity of plant foods. In [START_REF] Haberle | Can climate shape cultural development?: A view through time[END_REF] view the severe drought stresses of variable Late Glacial climates induced the inhabitants of New Guinean highlands to devise strategies for managing plant food resources. "I see domestication as a 'last resort' forced on those foragers who have run out of options for further dietary diversification" reports Clark (1998:23) based on research in Atlantic Iberia. Climate and social changes, he continues, were "... scarcely coincidental. They were set in motion by the pleniglatial depopulation of large parts of northern and central Europe, and the resultant influx of immigrants into the Franco-Cantabrian refugium" (Clark 1998:23).

Scarce resources thus forced humans to change the proportions and types of foods that they consumed. The knowledge that the seeds of some wild grasses were edible, though not perhaps a preferred food, would have been of some help. Especially if other foods were not distributed evenly, or were appropriated by others, desperate people would have been forced to rely on the least preferred and the lowest quality foods, e.g. plant foods such as cereals [START_REF] Meltzer | Human responses to middle Holocene (Altithermal) climates on the north American Great Plains[END_REF]. In fact, [START_REF] Wadley | The origins of agriculture -a biological perspective and a new hypothesis[END_REF] reasoned that these foods, along with milk, which elicit allergic reactions in a substantial number of people and have other adverse pharmacological effects, may have played a role in the rise of civilizations due to their addictive pharmacological properties. The incompatibility of these foods with human physiology is evidence perhaps that humans were not properly adapted to their consumption, and, despite a millennial-scale familiarity (e.g. Willcox 1999: 494), were perhaps not major consumers of cereals and milk.

This reliance on grains would have made the marginalized humans very attentive to the characteristics of the grains, their locations of occurrence, and the conditions required for their growth. Furthermore, the climate was still at work. There is evidence to indicate that climate changes may have occurred step-wise over as little as 5 years (e.g. Adams et al. 1999;[START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF]. The availability of wild grains may have been limited to seasonal and permanent river marshes and wetlands as, for example, at Nabta Playa (Wendorf and Schild 1998: 104). If the sudden step-wise climatic changes reduced the area of flooding unexpectedly, the correlation between flooding and the growth of wild grains would have become obvious if it had not already been known. This lack of flooding would have brought a year of hardship that may have been alleviated by the resumption of partial flooding the following year (with the now colder and somewhat drier climate). It would also have left a collective memory in the affected population.

When flooding was suddenly severely reduced once more during the next step of the climatic transition (perhaps about 5 years later), the expectation of severe hardship caused by memories of the previous event(s) spurred people into action. In particular, I believe that they initially simply tried to "aid" the extent of flooding by removing obstacles that would have prevented feeble floodwaters from reaching certain important patches of land. If removing obstacles improved the extent of flooding, but not enough, subsequent efforts would have been more aggressive, most likely by diverting water from the shallow braids of the river as practiced in early Egypt (e.g. Sterling 1999 and references therein).

Another consequence of the confluence of humans and animals on remaining sources of open water, precipitated by a sudden reduction in precipitation, was domestication. These particular climatic conditions coupled with geographical constraints, made propinquity [START_REF] Childe | New light on the most ancient east[END_REF] unavoidable. There is indeed evidence from Andean camelids (e.g. [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF], African cattle (e.g. [START_REF] Holl | Livestock husbandry, pastoralisms, and territoriality: the West African record[END_REF], and African sheep (e.g. [START_REF] Castelletti | Early Holocene plant remains from Uan Afuda Cave, Tadrart Acacus (Libyan Sahara)[END_REF][START_REF] Di Lernia | Cultural control over wild animals during the early Holocene: the case of Barbary sheep in central Sahara[END_REF] to suggest that the herding and penning of animals occurred in response to drought-related food crises.

It seems reasonable to conjecture that malnourished mothers, short of milk yet needing to nurse their infants, might have coveted milk (be it little too) from wild cattle, sheep, and goat progenitors with suckling young. Hunter-gatherers with their famous skills of reading the natural world, adept in the use of disguise to ambush their quarry, may have been able to trick the nursing animal. Killing the lamb or kid and using the skin as visual, but predominantly olfactory disguise (Porter and Levy 1995: 93, discuss the maternal behaviors of sheep), it may have been possible to trap the mother and exploit her meager stores of milk. Killing or releasing the animal after its milk was extracted meant that soon more milk would be needed and that the same or another animal had to be (re)captured. If nursing animals were few, it was necessary to preserve and keep those available.

I believe that one must also consider the mechanisms of animal and plant domestication in order to understand their origins (e.g. di Lernia 1998; [START_REF] Smith | Intensification and transformation processes towards food production in Africa[END_REF]). Although some scavengers may have associated spontaneously with humans -hence the much earlier domestication of dogs (Vila et al. 1997) -it is unlikely that bovines and caprovids would have done so, instead, more likely that they would have resisted herding initially. The reader need only consider the difficulties of trying to milk a wild moose or a hartebeest cow, or extracting blood from such an animal, to see the plausibility of this point. These difficulties are also consistent with the development of animal husbandry in response to drought-related food crises -weakened and perhaps orphaned, rather than healthy and vigorous animals, would certainly have been more easily captured, managed, and habituated to humans -an idea finding some support from the presence of remains of animals of various ages at refugial sites as discussed in detail in the case studies.

I wish to point out here that I do not hold that these particular sequences, pertaining to the domestication of wild grains and animals, account for the development of agriculture and animal husbandry everywhere because the same species do not occur everywhere. However, I do hold that these developed as essentially, fear-driven, memory-dependent responses to severe environmental challenges, aided by the "instruction" of extraordinary natural events that were temporally juxtaposed to ordinary ones. The events sketched here imply that global climate instability may have forced a number of human societies in many different parts of the world to develop domestication (especially associated with hoarding and herding) independently and quasi-synchronously, but that the rate, nature, and extent of domestication and the species domesticated were locally determined.

Finally, one should consider the effect of selection pressures on the human, animal, and plant populations of the refugia. Rindos (e.g. 1980;[START_REF] Watson | Explaining the transition to agriculture[END_REF] considered the effects of selective harvesting on plant species which he called cultural selectionism. A symbiosis between humans and plants developed: humans benefited from certain plants and by tending them promoted the propagation of these plants. On humans too, selection pressures were at work, perhaps accelerated by sexual selection intensified in close quarters. I suspect that conditions prevailing in refugia favored those humans with natural tendencies to seek or tolerate the close company of others and those with muted levels of aggression. For example, some researchers suggest that the strong genetic component of attention deficit hyperactivity disorder suggests it may have had an adaptive function in human forager history, but became more maladaptive in sedentary societies (see [START_REF] Jensen | Evolution and revolution in child psychiatry: ADHD as a disorder of adaptation[END_REF][START_REF] Shelleytremblay | Attention deficit hyperactivity disorder -an evolutionary perspective[END_REF]. The possible behavioral consequences in response to the pharmacological effects of the new diets have also been posited to facilitate socializing in humans due to their addictive properties [START_REF] Wadley | The origins of agriculture -a biological perspective and a new hypothesis[END_REF]. All these effects should be considered, since they may have prevented refugial societies from self-destruction and may have facilitated social changes following other similar periods of trauma.

The directionality of human social development

The cold and arid periods that punctuated the Holocene and preceding Bolling-Allerod were generally of century-scale duration, for example, the wide-spread event at 8,200 YBP lasted about 200 years (see Adams et al. 1999;[START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF]) and that around 4,800 YBP about 300 years [START_REF] Kerr | Sea-floor dust shows drought felled Akkadian Empire[END_REF]. Upon the termination of such a period, large areas became habitable again, and in tandem with floral and faunal recolonization would have occurred human recolonization. I suggest, however, this recolonization did not occur from all refugia equally, that is, in proportion to their populations, but occurred primarily from the external refugia. It should be remembered that the initial withdrawal of people from the drying regions to the external refugia may have necessitated relatively few changes in patterns of behavior due to the assumption that refugia were in a number of essential aspects similar to the original habitats as outlined earlier. This was not the case for internal refugia and once again, the consequences were profound.

Those from external refugia would have maintained the same lifestyle and have retained much the same knowledge about edible plants and methods of hunting animals. Consequently, they would have been able to move out into the regions that were now being recolonized by species of which they retained or acquired knowledge, and at the rate at which this recolonization occurred. Dutour (1998:141) summarizes the interplay of human populations and their environment as follows: "Ca. 12,000/9000 bp to ca. 4000 bp: a wet phase marked by the return of extensive lakes can be evidenced. The human occupation attested in the Western Sahara by numerous Neolithic sites arrived in this area with a delay of about 2 thousand years, corresponding to the expansion of Sahelian vegetation and fauna into that area..." (emphasis mine). As before, it seems reasonable that a greater carrying capacity (in whichever sense defined) would have permitted an increase in absolute population levels, and more available habitat an increase in dispersal. It is therefore likely that this expansion involved populations from the external refugia.

Internal refugia, on the other hand, generally forced their populations (or at least a subpopulation) to adopt a new lifestyle and a correspondingly new and more technological knowledge base (implying that for the greater part the need arises first, the technology follows; see also Cohen 1977: 15). Furthermore, many of the animal and plant foods present in the original hunter-gatherer diet may have disappeared completely from the environs of these refugia (see the quotation from Dutour 1998 above), making instruction about them difficult or impossible, and making them largely irrelevant, at least until recolonization of former species has occurred at the end of, or up to several centuries after the end of, the dry period. These conditions, prevailing for several generations, caused refugial inhabitants to loose a certain amount of knowledge pertaining to the hunter-gatherer lifestyle and develop knowledge pertaining to their now more sedentary conditions, perhaps much like the way present-day traditional knowledge is affected (e.g. [START_REF] Benz | Losing knowledge about plant use in the Sierra de Manantlan biosphere reserve, Mexico[END_REF][START_REF] Ohmagari | Transmission of indigenous knowledge and bush skills among the western James Bay Cree women of subarctic Canada[END_REF].

Indirect support derives from Smith's (1998) analysis of hunter -herder interactions that shows that many present day forager groups (5 of the 7 African and Levantine groups studied) provide their services as hunters to nearby pastoralists -certainly not inconsistent with the possibility that the pastoralists lack the requisite knowledge to engage in the hunting themselves. A more direct link is drawn by Crawhall (1999:332) in his survey of South African indigenous languages and the causes of their demise. He states the process of knowledge loss in rather unequivocal terms: "For hunter -gatherer languages, the stabilisation of the necessary material conditions means secure access to natural resources, such as traditional lands with wild foods, medicinal plants, animals and places to keep beehives or similar collection devices.

It has been the loss of access to traditional land that has caused the sharp rupture with the traditional economy and disconnected the sophisticated traditional knowledge from daily social interaction. Land loss breaks the link between millenia old hunting and gathering practices; and the cultural and social institutions built around that economy. For most Southern African Khoe and San communities, this rupture strikes at the heart of the society and in a number of communities has triggered a process of language death, acculturation and social disintegration...". It is not difficult to see that the loss of traditional lands (migration) and access to traditional resources (both migration and change in the natural range of familiar species brought about by climate changes) would have been the outcome for refugial populations.

The exact amount of knowledge lost is probably proportional to the duration of the dry event and the degree to which the original vegetation cover and food animal populations changed and would have been locally determined. This is not of issue here, but the fact that the loss of some information about the hunter-gatherer lifestyle inhibited refugial inhabitants from radiating strongly into their surroundings is. The occupants of internal refugia have therefore become more or less dependent on their crops and/or animals, having lost some of their knowledge about their ancestors' diet and the relevant requisite skills. Different degrees of mobility (e.g. Kelly 1995:111), observed across the foraging spectrum, may have resulted from different degrees of loss of former skills. Furthermore, there is evidence that sedentates were less vigorous than their ancestors: more malnourished, shorter of stature, and more prone to disease [START_REF] Armelagos | The origins of agriculture: population growth during a period of declining health[END_REF][START_REF] Sahlins | Stone Age economics[END_REF]), all of which would have conspired to make them less able to travel and thus more reluctant to change their sedentary way of life. The reader will immediately realize that this process in not absolutely irreversible, but that it would tend to be so, to a greater or lesser extent depending on the refugial conditions, and hence it would serve to impart the observed directionality on cultural development.

On the positive side, other than the benefits of access and relative dependability provided by agriculture and the keeping of livestock (at least in times of drought), more beneficial climates may have produced more runoff, more fertile deposits in settled floodplains, more favorable growing conditions, and eventually food surpluses for the sedentates with concomitant increases in population. Furthermore, during such a period of milder climes, hunter-gatherers and agriculturalists would have co-existed (Bar-Yosef and Meadow 1995:41).

A compounding event

The Bolling-Allerod and Holocene were punctuated by a number of sudden climate changes, occurring on roughly 1,500-year intervals, and of century-time scales (see Adams et al. 1999;[START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF][START_REF] Campbell | Late Holocene ~1500 yr. periodicities and their implications[END_REF][START_REF] Bianchi | Holocene periodicity in North Atlantic climate and deepocean flow south of Iceland[END_REF][START_REF] Bond | A pervasive millennial-scale cycle in North Atlantic Holocene and glacial climates[END_REF][START_REF] Stuiver | Is there evidence for solar forcing of climate in the GISP2 oxygen isotope record?[END_REF]). Hence the social processes described above could have occurred repeatedly. However, in some cases they did not because of the directionality of the previous consequences. Therefore one must take into account the presence of a "hold -over" population, sedentary in character, in regions that would function again as refugia during the new climatic transition. I shall refer to refugia of the earlier period as primary refugia, and those of the later period secondary refugia. Primary refugia, sensu stricto, are defined as refugia with little or no prior permanently settled populations, while secondary refugia do have permanently settled populations when they become refugia. The upshot of this is that external refugia will tend to remain primary refugia while some internal refugia are likely to exhibit transitions in population structure.

It is reasonable to expect a sequence of events, initially similar to that of the previous cold period, to have developed. Therefore I postulate a withdrawal of human populations from arid areas into external and internal refugia as characterized formerly. In the case of external refugia, a sequence of events, similar to the previous one, is likely to have transpired, but now perhaps somewhat more troublesome due to higher indigenous mobile populations. I suspect that these conditions fostered general large-scale migrations (e.g. the Bantu migration to southeastern Africa), but shall not pursue the possibility here.

In the case of internal refugia, once again large numbers of people from surrounding areas congregated upon them. Once more refugial populations increased very quickly, as did population densities, depending on the degree of natural constriction present at a particular refugium. Once again, local resources were put under stress and had to be allocated. Once more some refugia may have collapsed while others could accommodate the faunal and human influx without much change.

In the internal refugia though, newcomers, especially from outlying areas, encountered a people with a different lifestyle. Furthermore, these people were already settled, perhaps had permanent or semi-permanent dwellings, practiced labor-intensive primitive agriculture and/or animal husbandry, and had an abundant and stable food supply compared to those in the droughtstricken surroundings. Furthermore, newcomers were most likely not related to locals since dry periods tend to occur with a 1500-year frequency (e.g. Adams et al. 1999).

Evidence of a connection between adverse climate-events, population densities, and changes in social order comes from many regions. Evidence from India suggests that the Harappan civilization emerged and flourished during a regional arid phase [START_REF] Enzel | High-resolution Holocene environmental changes in the Thar Desert, northwestern India[END_REF]. In Uganda, a correspondence has been noted between the rise of social complexity and droughts [START_REF] Robertshaw | Climate change and the rise of political complexity in western Uganda[END_REF]. Furthermore, in the Mexican basin, the earliest human settlements occurred in the early Holocene during a period of low lake levels [START_REF] Caballero | Lake levels since about 40,000 years ago at lake Chalco, near Mexico City[END_REF].

In China, arrivals at secondary refugia appear to have been ethnically different from the local population. The Longshan people included mixed groups from areas to the north and west that apparently migrated to the Linfen basin with its extant Yangshao population (Liu 1996:280). Liu (1996:245) remarks that "The cold interval arriving around 3000 -2800 B.C. coincided with the decline of the Yangshao culture and the development of the early Longshan culture". Of interest are the data presented by [START_REF] Liu | Settlements patterns, chiefdom vriability, and the development of early states in North China[END_REF] showing a dramatic increase of early Longshan site sizes at Taosi in the circumscribed Linfen basin, already occupied by Yangshao inhabitants. It was during this period that a highly stratified social organization with elaborate tombs and large architecture became evident. A similar highly stratified social structure arose in the nearby circumscribed Sanliqiao region at about the same time, but not in the less circumscribed regions farther east.

The synchrony and developmental parallels between social changes in China and those occurring on the central coast of Peru are remarkable. Kornbacher (1999:294) shows that the earliest monumental construction in Peru hitherto documented occurred, not in the wider, betterwatered valleys to the north, but in the more circumscribed valleys of the central Andes, "following closely in time the onset of more variable environmental conditions " around 2700 to 3100 B.C. Note that the time lag between environmental and social changes makes a causal inference more plausible. [START_REF] Solis | Dating Caral, a preceramic dite in the Supe valley on the central coast of Peru[END_REF] also report dates associated with large-scale monumental architecture from Caral, the oldest known such site on the central coast of Peru, starting around to 2650 B.C.. Thompson (2000: Fig. 14) shows data from the Sajama glacier in nearby Bolivia that indicate a marked decline in atmospheric nitrates (indicative of a decline in vegetation) around 3100 B.C. and a most pronounced dust spike in the ice core from the nearby Huascarán around 2500 B.C. (Thompson 2000: Fig. 11) -one of the most striking features of the Holocene and indicative of a 300-year global-scale drought [START_REF] Kerr | Sea-floor dust shows drought felled Akkadian Empire[END_REF].

A similar pattern is also observed in North America where 13th century inmigrants to the Tonto Basin were "...populations with probable northern or northeastern origins" (Stark et al. 1995:234). Stark and coworkers (1995:232) find for the drought-stricken period after 1250 A.D. that this "75 to 100 -year interval was a period of accelerated cultural change on an interregional scale that coincided with dramatic shifts in climate and populations" based on their analyses of archaeological evidence from this part of central Arizona. Cordell (1995:209) echoes this view in her assessment of evidence and models regarding the 13th century migration to the Rio Grande and remarks that "the evidence of immigration on a regional level is not a site unit intrusion, it is a social reorganization...".

Based on her analysis of mortality profiles in ancient Egypt, Sterling (1999:340) suggests that "the correlation between the environmental unpredictability as evidenced by erratic Nile flood volumes beginning about 3700 B.C. and developing cultural elaborations is not spurious" (emphasis mine). Furthermore, [START_REF] Byrd | Death, mortuary ritual, and Natufian social structure[END_REF] report altered burial practices during a period of change in early Natufian society apparently due to deteriorating climatic conditions. Similar examples from North Africa (e.g. McDonald 1998b) and the southern Andean (e.g. [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF] will be elaborated on as case studies in a following section.

At the onset of a new dry phase, hunter-gatherers may have persevered in their life-style despite deteriorating conditions. Thus a time lag between environmental changes and human responses (see Kelly 1995:56) is introduced. In synchrony with deteriorating conditions, foragers would have become more malnourished, weakened, and perhaps more susceptible to diseases. With a sudden step-wise onset of even harsher conditions (e.g. Adams et al. 1999;[START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF], they may have decided to abandon their traditional territory in search of better conditions (e.g. Kelly 1995:111-160). The result is that arrivals at internal refugia were, more likely than not, hungry, tired, emaciated, weakened, perhaps diseased, and with few possessions (since these would have had to be carried over long distances under difficult conditions). This would have put them at a tremendous disadvantage vis-à-vis the local population: suddenly their respective fortunes were reversed. These conditions lead, in my opinion, to a natural process of stratification.

The origins of stratification

The changes in the human population densities of internal refugia were produced by uncontrollable, momentous external conditions. High densities would have precipitated changes in social organization (although some dissent, e.g. [START_REF] Kuijt | People and space in early agricultural villages: exploring daily lives, community size, and architecture in the late pre-pottery Neolithic[END_REF] and such changes could be expected to have been hierarchical since dominance hierarchies occur in many other primate species (e.g. [START_REF] Rodman | Whither primatology? The place of primates in contemporary anthropology[END_REF]). The question remains as to how the hierarchy was to be determined: who ended on top and who at the bottom?

This question is perhaps resolved by looking at the conditions under which the changes in social structure occurred. I shall therefore note the following: upon the onset of another significant cold and dry event, and the migration of people to refugia, (i) newcomers were probably unrelated to locals in inverse proportion to reradiation from a given refugium; (ii) newcomers were at a relative disadvantage, from physical, intellectual, spiritual, and material points of view; (iii) and newcomers were in immediate need. Thus newcomers were not in a position to bargain and, out of desperation, were willing to trade what they had in terms of personal adornment, or utilitarian artifacts, for food. This provided them with limited reprieve, however, and the only thing that remained, other than taking by stealth or force, was a renewable resource: labor. Hence, instead of expending effort directly on the acquisition of food, it was now done indirectly.

It was likely that the locals realized that they could take advantage of the situation by trading food for services. There is evidence that chimpanzees trade food for sex (e.g. [START_REF] Stanford | The predatory behavior and ecology of wild chimpanzees[END_REF][START_REF] De Waal | Tension regulation and nonreproductive functions of sex among captive bonobos[END_REF][START_REF] Kuroda | Interactions over food among pygmy chimpanzees[END_REF][START_REF] Alexander | Concealment of ovulation, parental care, and human social evolution[END_REF], and this is most likely the first thing that happened in secondary refugia. It must also have been obvious to the host-population, perhaps as a consequence of "prostitution", that other tasks could be perform ed in exchange for food. The performance of the more odious tasks, the hewing of wood and hauling of water, were therefore perhaps the first services to have been bought.

Indeed, hunters often perform, and probably did so in the past, services such as hunting, leatherworking, and mending, for pastoralists in exchange for milk, cereals, and livestock (e.g. [START_REF] Pankhurst | Caste' in Africa: the evidence from south -western Ethiopia reconsidered[END_REF][START_REF] Smith | Intensification and transformation processes towards food production in Africa[END_REF][START_REF] Wadley | Changes in social relations of precolonial hunter-gatherers after agropastoralist contact: an example from the Magaliesberg, South Africa[END_REF]. [START_REF] Wadley | Changes in social relations of precolonial hunter-gatherers after agropastoralist contact: an example from the Magaliesberg, South Africa[END_REF] reports a sequence of pre-colonial social transformations after forager-farmer contact from evidence obtained at Jubilee Shelter in the Magaliesberg of South Africa. Here the initial contact and trade with pastoralists around 225 A.D. had little effect on forager social activities. By 680 A.D. a paucity of cultural goods, as well as faunal and phytal remains, are apparent and indicative of considerable social change.

Specifically, it appears that the foragers processed hides for pastoralists in the nearby village and relocated or became assimilated with the villagers in tandem with a deteriorating veld. Smith (1998:203) found, regarding 7 hunter-herder satellite systems throughout Africa and the southern Levant, that "What is most striking about all the associations recorded is that the hunters were and are both regarded as different and of low status...". The author goes on to suggest that the same conditions would have been manifest in the prehistoric past.

In Arizona, refugees also appear to have been at a disadvantage: "One other line of evidence is the fact that both Griffin Wash and Saguaro Muerto are located on the margins of the local settlement system." (Stark et al. 1995: 234). The authors continue: "Smaller enclave settlements may have been more readily assimilated into the local system (such as Locus B at Meddler Point), providing labor for irrigation systems that may have intensified and expanded during this period." (Stark et al. 1995: 236).

In Ethiopia [START_REF] Pankhurst | Caste' in Africa: the evidence from south -western Ethiopia reconsidered[END_REF], farmers have a social standing above outcast groups, further socially stratified in the order weavers, smiths, tanners, potters, and hunters (note that the sequence is suggestive of a chronological order). Low-status groups, especially hunters, are widely associated with nature and the wild, perceived as committing food transgressions, often possess specialized botanical knowledge, are often migrants or have a history of migration but fell from a former higher state, and are rarely permitted to own and cultivate land. [START_REF] Pankhurst | Caste' in Africa: the evidence from south -western Ethiopia reconsidered[END_REF] points to the difficulty in explaining the genesis of these social stratification patterns. However, when viewed from the perspective of a sedentary farming community suddenly confronted with foragers descending upon them from a desiccating hinterland (i.e. association with nature and the wild), desperately hungry and willing to eat just about anything (i.e. food transgressions), possessing specialized phytomedical knowledge (i.e. knowledge lost by the sedentary farmers), or inmigrants from collapsing other secondary refugia (i.e. migration and a former higher social status; special skills such as pottery, leatherworking, ironworking, and weaving), they make sense in terms of the model. Hence, I find them, as well as the prohibition on land tenure (if agricultural land or cultivable flood plains were limited, having numerous migrants settle on productive land could not have been tolerated), to be rather congruent with the model presented here.

The changes in the human population densities of internal refugia were produced by uncontrollable, momentous external conditions. High densities precipitated changes in social organization as pointed out before. In particular, Kelly (1995:314) notes, after an analysis of available field and simulation data on non-egalitarian forager societies, that "...inequality is a density-dependent phenomenon. It also occurs only where access to resources can be controlled by a limited number of people". Clearly, the sedentary "host" population is more likely to control access to scarce refugial resources, in other words, natural events selectively disadvantaged the forager group relative to the sedentary group -a distinction that was perpetuated. Crawhall (1999:327), relating the experiences of South African San, points inter alia to the following current realities: that San communities are rich in traditional knowledge; that San communities, where forced off the land into the wage economy, enter it at the very bottom; and that children born into situations of poverty and displacement lose traditional knowledge and become caught in a cycle of poverty and low self-esteem (my emphasis).

I believe that the model, indicating how initial social stratification occurred, leading to social structures that were subsequently propagated, elaborated, entrenched, and rationalized, provides at the very least a plausible and coherent explanation.

The origins of the state

The same processes generating stratification were also likely to have spawned embryonic state formation. Stratification, whatever its cause, implies the existence of at least two distinct subgroups in a population: a group advantaged and a group disadvantaged, relatively speaking. In general and ceteris paribus, the greater the differences between the groups, the greater the likelihood that members of the disadvantaged group would have been inclined to take from the advantaged without their consent.

Therefore, one should consider the formative conditions: that of a settled community suddenly being confronted by large numbers of desperate, mostly foraging peoples, converging on their neighborhood and, by virtue of their desperation and/or their ethic of sharing (e.g. Kelly 1995: 164-181), helping themselves to the stocks and stores of the locals. This was of consequence to locals since agriculture in particular was very hard work: what was taken was vitally important and would demand much effort in replacement. I find it of importance to note here that, according to the model, property 'rights' arose as a direct consequence of the value of labor or effort (qualitatively more effort than required for foraging), thus implicitly equating property with effort.

It may have been necessary for the sedentary local peoples to protect their livestock and crops on an occasional basis before these events transpired, but now it became essential, reinforcing the notion of property rights in the process. In other words, organization was necessary for the benefit of all (locals). Here we have functionalism. Prior organization may have been cooperative, but the intense demands precipitated by rapid climate changes caused centralization. The former is more time-consuming than the latter, hence more ill-suited as a response to crisis. Stark et al. (1995:238) report that 13th century platform mounds in the Tonto Basin, that may have played a role in the organization of labor and defense, appear at the nearly identical time that migrant groups entered the region and suggest that "Increasing numbers of migrant groups, however, may have gradually created friction between local and nonlocal groups over the course of two or three generations." Thus, it ap pears from their analysis that the smaller groups of early migrants could be accommodated in the region, apparently on a subservient basis, but that larger numbers of migrants precipitated mound construction serving local social unification and defensive purposes. In fact, within a century, resources apparently became stressed to the point where the refugium collapsed under its increasing human burden, signs of internal conflict appear, followed by abandonment and outmigration (Stark et al. 1995:239).

Evidence from China [START_REF] Liu | Settlements patterns, chiefdom vriability, and the development of early states in North China[END_REF] indicates that walled and fortified sites and early states emerged in an environment of climate change, population migrations, and internal conflict. Liu (1996:277) writes "In the late Yangshao culture, intergroup conflicts suggested by the construction of town wall at the Xishan site in Zhengzhou began to take place. This may have been partially triggered by population movement from other cultures...". Clearly, the construction of a town wall required some measure of organization in the face of a threat.

In Peru, [START_REF] Billman | Population pressure and the origins of warfare in the Moche Valley, Peru[END_REF] examined the distribution of agricultural land in order to establish whether the emergence of warfare could be related to its scarcity. Signs of warfare first emerge in the Moche valley during the Salinar phase (400 B.C. -A.D. 1), possibly caused by an influx of highland groups. "During the later half of this phase, the population of the valley aggregated into eight population clusters, most settlements shifted to defensive locations, and the first fortification was constructed in the valley." (Billman 1997:300). It is also during the later part of this phase that two pronounced droughts are apparent in the climatic record (e.g. Figs. 5 and6) for this region. Although [START_REF] Billman | Population pressure and the origins of warfare in the Moche Valley, Peru[END_REF] acknowledges possible climate factors, he believes that the sparse extant data indicate no shortage of agricultural land or water in the highlands and that status striving by highland elites may have precipitated warfare. I am of the opinion that the generally drier later half of the Salinar phase saw highlanders migrating to coastal valleys in order to escape harsher conditions. Here they encountered a resident population with vested interests and unable to accommodate them. They were hence forced to settle in the upper valley with its more meager resources, and when their numbers swelled during the second drought of this phase, they were both sufficiently established and resource-stressed to embark on raids to secure provisions. The ensuing Gallinazo phase saw an intensification of warfare, increased aggregation of the population, the emergence of a unified polity with a new center in the middle valley, and the erection of fortifications (Billman 1997: 300, 301).

DISCUSSION

I have sketched here a general theory outlining the advent of domestication and the origins of states, accounting for events that occurred in the same sequence in many parts of the world, independent of each other, and in some cases, with a remarkable degree of synchrony. I shall now recapitulate the model and then proceed to look at two cases from different geographical areas before concluding with a more global view.

The seminal events of human social transformation occurred in "hot spots": these had renewable and relatively stable resources, were geographically confined, and functioned as refugia for large numbers of hunter-gatherers that were displaced, from their traditional territory in surrounding regions or higher elevations in mountainous terrain, by abrupt and unfavorable semi-global, synchronizing, climate changes. Within these refugia, population levels suddenly increased, primarily due to continued influx, that lead to increased population densities (see Appendix A for a more detailed analysis), and put resources under stress. Some refugia collapsed, others survived to play a role in subsequent events.

In surviving primary refugia, resources were unevenly shared, forcing the less fortunate to come to rely (perhaps nearly exclusively) on lower quality foods. The example of natural events permitted them to develop means to stabilize their food supply -hence practicing agriculture. The loss of relevant foraging skills and a fostered dependence on cultivated foods acted as a partial barrier to the resumption of former lifestyles when favorable climates returned several generations later. Some primary internal refugia therefore inherited resident populations and became secondary refugia.

When secondary refugia were converged upon by retreating hinterland populations during a subsequent drastic climate disturbance, their inhabitants experienced a collective need to defend their property against the newcomers. This required a higher degree of organization than had been previously necessary. Furthermore, newcomers were at a relative disadvantage and had, by and large, to comply with the residents' demands in order to be allowed access to resources. An active hierarchy was formed that did not revert to prior structures upon the return of milder conditions, for similar reasons perhaps as those indicated before. Increases in population densities themselves accelerated other processes in addition to the continued periodic climatedriven catastrophes. These processes and the rates at which they occurred, will be taken up in another communication.

Dakhleh oasis

Situated in the north-eastern Sahara, west of the Nile, Dakhleh oasis provides evidence for three distinct early-mid Holocene cultural phases, some with subdivisions [START_REF] Mcdonald | Neolithic cultural units and adaptations in the Dakhleh Oasis[END_REF](McDonald , 1998a)). Based on a reconstruction of the cultural and environmental data, a comparison was made to determine whether cultural evolution proceeded as predicted by the model, given the local boundary conditions. In particular, to determine if the oasis was occupied during periods of resource stresses (i.e. droughts) and if seminal cultural changes coincided with such periods of occupation. For this purpose, independent sources of environmental data were used to construct an environmental time-line for comparison with cultural data. The environmental data reflect conditions in the neighboring Nabta Playa [START_REF] Malville | Megaliths and Neolithic astronomy in southern Egypt[END_REF][START_REF] Wendorf | Nabta Playa and its role in northeastern African prehistory[END_REF], Western Desert [START_REF] Pachur | Late Quarternary palaeoecology and palaeoclimates of the eastern Sahara[END_REF], Eastern Desert [START_REF] Moeyersons | Holocene environmental changes in the Gebel Umm Hammad, Eastern Desert, Egypt[END_REF], central Sudan [START_REF] Lario | Palaeoenvironmental evolution of the Blue Nile (central Sudan) during the early and mid-Holocene (Mesolithic-Neolithic transition)[END_REF], and elsewhere in North Africa [START_REF] Gasse | Hydrological changes in the African tropics since the Last Glacial Maximum[END_REF]. Details of the reconstruction procedures can be consulted in Appendix B. The results, shown in Figure 4, demonstrate close agreement between the general distribution of Dakhleh sites and adverse environmental events. Confidence is primarily vested in the larger scale correspondences between the distributions. In other words, more accurate and better resolved measurements could lead to changes in the locations of individual peaks, but not to the extent of the larger features evident in the figure. These are: (i) an environmentally mild period between similar to 10,200 and 8,800 YBP punctuated by a dry event at 9,800 YBP that corresponds with a low occupation level of oasis sites except for a single event of more intensive occupation; a period of climatic fluctuations between 8,700 and 7,000 YBP that corresponds to a period of fluctuations in oasis occupation; and an increasingly adverse period after 7,000 YBP that corresponds with a period of less intensive occupation of the oasis. Furthermore, a χ 2 -test of the climate and cultural reconstructions is statistically highly significant (χ 2 = 1197.33; χ 2 0.99 = 4434; χ 2 0.005 = 4283; n = 4280; r = 0.324), confirming that a correspondence of Dakhleh settlement dates with adverse environmental conditions is tenable.

These observations are of import because one could argue with equal plausibility that intensive activity at the oasis occurred during mild conditions when the desert was re-occupied by humans. This point of view becomes difficult to maintain given the larger scale patterns discussed above. In particular, intensive use of the oasis does not seem to have occurred during the extended mild period between 9,500 and 8,500 YBP; the 'general Neolithic' light use of the oasis during this time may reflect seasonal use, however, it may also reflect a hold-over population from an earlier period of refuge and so would be consistent with the model.

These results are also consistent with suggestions by McDonald (1998a:131) that the oasis "might have served as a refuge for desert dwellers 'dusted out' of their normal rounds during that arid episode" and Kleindienst et al. (1999:49) "that the pattern of oasis occupation sufficiently intensive to leave a marked archaelogical signature took place mainly at the beginning of or during drier climatic episodes when more scattered desert dwellers moved into the better-watered oasis areas" (emphasis theirs). Note th e implication of high population density in the latter statement, also echoed by McDonald (1998a:133, 136).

Given that there is reason to suspect that the oasis served as an internal refugium, as defined in the model, during these century-scale periods (i.e. spanning a few generations) of adverse environmental conditions, cultural changes from these periods are now of interest. The model indicates that significant cultural changes should be expected during periods of refuge and such changes would reflect human adaptive responses to resource stresses brought about by an unfavorable environment and increased human population densities. The model also indicates that the directionality of social evolution could at least partly be accounted for by the loss of knowledge necessary to resume a former lifeway and the development of new knowledge pertaining to the current refugial lifeway. Of particular interest would be to determine whether domestication and sedentism arose during refugial periods although other developments may also be of interest and perhaps easier to assess.

It is possible that all or a majority of cultural developments occurred outside of the oasis during periods of residence in benign (hence not congruent with the model due to the absence of resource scarcities) or harsh environments (more congruent but lacks high population densities). Subsequently, different cultural periods for each phase of occupation of the oasis would be evident whether cultural changes occurred inside the oasis or outside thereof. It is therefore necessary to demonstrate that cultural changes occurred during occupational phases when resource stresses occurred and sufficient if it could also be demonstrated that cultural changes rarely occurred otherwise. Assembled information [START_REF] Mcdonald | Neolithic cultural units and adaptations in the Dakhleh Oasis[END_REF][START_REF] Churcher | Holocene faunas of the Dakhleh oasis[END_REF]McDonald 1998a) about the cultural aspects related to the occupation of Dakhleh oasis during the early to mid Holocene is given in Table I. The results shown in Table I indicate clearly the cultural changes that existed between the different occupational phases. Changes occurring within one cultural phase are of particular importance since they demonstrate that major cultural changes occurred during the occupational phases of the oasis rather than during phases of absence. These are changes in an important item such as arrowheads from "numerous and varied" in Bash endi A sites to "the presence of carefully worked arrowheads" in Bashendi B sites; the rarity of tranchets and side blow flakes in the former compared to the latter; and the absence of other important items such as pottery and sickles in Bashendi A but not Bashendi B sites.

Of much greater importance is the changes that occurred within a cultural sub-phase. Here differences in chipped stone assemblages (e.g. the appearance of tranchets) are evident between Bashendi A (early) and Bashendi A (late) sites; very different settlement patterns with Bashendi A (late) indicating increased sedentism; and evidence of animal domestication in the Bashendi A (late) sub-phase. [START_REF] Mcdonald | Neolithic cultural units and adaptations in the Dakhleh Oasis[END_REF] suggests that such changes within occupational phases could be used to differentiate between its early and late stages and mentions as an example the characterization of Sheikh Muftah sites as late or early based on the presence of copper and the extent of tabular chert use. In addition, during the Masara period, many other desert localities appear to have been abandoned (McDonald 1998a:130;McDonald 1998b), rendering at least plausible the exclusion of significant cultural developments outside of refugia during phases of refugial occupation.

The presence of resource stresses is suggested, for example, by the heavy reliance on domesticated stock, the presence of bones from both mature and young animals, and the cracking of bones for marrow during the Bashendi B phase. Together they are indicative of a diminished range of fauna, insufficient grazing for domesticated animals, and a lack of food, respectively. Although each of these could individually be attributed to other causes, e.g. a reluctance to engage in hunting, the indiscriminate use of domestic stock, and a liking for bone marrow, respectively, they may yield the most meaningful information only when interpreted as an assemblage rather than individually. A comprehensive analysis of human and animal remains spanning the entire history of the oasis may provide valuable information about the health status of permanent/seasonal occupants and the degree to which resource stresses may have been present.

Finally, the directionality of cultural evolution ascribed in the model to the loss of relevant information necessary to resume pre-refugial modes of living finds some support in the fact that many of the changes recorded between the different phases of oasis occupation involved items of substantial relevance to such modes of living. The change in the number of arrowheads may suggest either a general loss of knowledge about hunting or a reduced inclination and/or fewer opportunities to hunt. However, the reduction in the variety of projectile points, as is apparent between Bashendi A and Sheikh Muftah sites (see Table I) amidst the documented presence of a similar or larger range of fauna coeval with both phases [START_REF] Churcher | Holocene faunas of the Dakhleh oasis[END_REF], is a relatively stronger indicator of the loss of specialized knowledge. Conversely, the appearance of pottery, tranchets, copper artifacts, sickles, and the bones of domesticated species clearly demonstrate the acquisition of novel skills -the latter two being of particular relevance to newlyarisen modes of living. Although these changes are not proof positive of the loss of lifewayrelevant knowledge, they are suggestive of such and, at the very least, not inconsistent with the postulated method whereby cultural changes may have become irreversible.

Difficulty in dating Sheikh Muftah sites (McDonald 1998a) complicates assessment of the further course of development of the refugium. It seems plausible that after every refugial phase a sedentary population developed and remained at the oasis. This is best suggested by the temporal overlap of Bashendi A (late) sites with Bashendi B sites, but possibly also by overlap of Masara (as the 'general' Neolithic presence) with Bashendi A (early) as well as by Bashendi B overlap with Sheikh Muftah. If one or more of these overlaps were indeed such that a secondary refugium was created, the emergence of stratification would be consistent with the model but its absence not. Whether stratification developed as a result of the social interactions between the hold-over population from a previous refugial phase and the population of newly-arrived migrants displaced by climate upheaval must therefore await the availability of further data. However, it does seem that McDonald has already raised the possibility of stratification: "Beyond an egalitarian society? The architectural evidence from early seventh millenium Dakhleh oasis, Egyptian Western desert." (McDonald 1998a: reference 

title of 'McDonald -In press b').

Puripica wetlands

Situated in the south-central Atacama Altiplano of the Chilean Andes, the Quebrada Puripica site, at the intersection of the river Puripica with the Quebrada Seca, has yielded evidence for cultural evolution during the Holocene dry phase of Pacific South America [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF][START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]Núnez 1994), apparently in a step-wise manner [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF]. Based on a reconstruction of the cultural and environmental data, a comparison was made to determine whether cultural evolution proceeded here too as predicted by the model, given the local boundary conditions.

The Puripica site provides even stronger evidence of human occupation and cultural evolution during periods of regional droughts than the Dakhleh oasis. This conclusion is based on evidence, gathered as in the African case, from independent sources of environmental data. This information was used to construct an environmental time-line for comparison with cultural evidence from the Puripica site. The environmental conditions are reflected in data from the neighboring Sajama summit, Core 1 [START_REF] Thompson | Ice core evidence for climate change in the Tropics: implications for our future[END_REF], synchronized and cross-validated with the dated stratigraphic record from the Puripica site itself [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF][START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]. Details of the reconstruction procedures can be consulted in Appendix B. The results, shown in Figure 5, demonstrate clear agreement between cultural transitions and adverse environmental events.

Given the combination of uncertainty in and coarse-grained nature of the data, confidence is again primarily vested, as in the African case, in the larger scale correspondences between the environmental and cultural time-lines. These are the transitions between the cultural phases, i.e. representing periods of significant change, and the century-scale severe droughts as indicated by dust spikes (e.g. [START_REF] Thompson | Ice core evidence for climate change in the Tropics: implications for our future[END_REF].

Figure 5

Adverse environmental conditions reflected by the content of the Sajama ice core (oxygen isotopes and nitrates, top two traces; atmospheric dust, black spikes) show a close temporal relationship with flood events present in the Quebrada Puripica stratigraphy (grey spikes). Cultural phases, indicated by shaded blocks, represent the early mid-Archaic hunting tradition, followed by periods of innovation, camelid domestication, agriculture, and most recently the period of early state-formation. Note the correspondence between peak adverse environmental conditions and cultural transitions.

The period from about 8,000 to 3,000 YBP, in this same region, is variously considered a wet phase based on rodent middens [START_REF] Betancourt | A 22,000-year record of monsoonal precipitation from northern Chile's Atacama desert[END_REF] or hyperarid (e.g. [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]). However, it is certain that at least some arid events occurred during the mid-Holocene, lasting perhaps several centuries (e.g. Thompson 2000:26). The geological conditions at the Puripica site provided wetlands during these periods due to hydrologic processes [START_REF] Betancourt | A 22,000-year record of monsoonal precipitation from northern Chile's Atacama desert[END_REF] or damming events [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF] and "resulted in a pronounced ecological refuge, an optimal locus where, during the mid-Holocene, animal, plant, and water resources were abundant in a generally harsh and hostile environment" [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF].

Archaeological evidence attests to the presence of humans at this site during the mid-Holocene [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF][START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]) and radio dated fireplace-material confirms a human presence during the periods characterized by ice core dust spikes and local flood debris, hence a very high likelihood of sparse ground cover (i.e. drought). The presence of camelid bones from individuals of different ages at a fireplace dated to 5,880 14 C BP is attributed to a change in hunting strategy [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF] or diseased domesticated animals [START_REF] Nunez | The western part of South America (southern Peru, Bolivia, north-west Argentina and Chile) during the Stone Age[END_REF]. Here again, the need for the palaeopathological analysis of human and animal remains would be of considerable benefit. However, such an assemblage of bones is equally consistent with the demise of starved animals (or the ease of hunting such animals) from a camelid population that expanded during the previous milder period. The presence of bones from animals of a variety of ages could therefore be another indication of regional resource stresses as in the African case. Furthermore, the discontinuity in the occupation of many sites south of the Rio Loa over a 3,000-year period (from about 9,000 YBP onwards), known as the "silencio arqueologico", is attributed to desertion of these areas during hostile conditions (e.g. Gro sjean et al. 1997). Note also the implication of high population densities: "It can therefore be suggested convincingly that during the fifth and fourth millennia BP the highlands of the southern-central Andean region sustained large groups with greater communal cohesion around sites with resources " [START_REF] Nunez | The western part of South America (southern Peru, Bolivia, north-west Argentina and Chile) during the Stone Age[END_REF]. The Quebrada Puripica at its intersection with the Quebrada Seca could therefore quite plausibly have functioned as an internal refugium, as defined in the model, during such periods of environmental deterioration and their accompanying resource stresses.

It is now once again necessary to establish whether significant cultural changes occurred during Andean refugial periods. If, as [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF] suggest, the period from about 9,000 to 3,000 YBP during which the Puripica refugium was occupied, was hyperarid, then it follows that cultural changes that occurred during this period are in accordance with the model. If the same period was milder due to high ground water levels [START_REF] Betancourt | A 22,000-year record of monsoonal precipitation from northern Chile's Atacama desert[END_REF] and the cultural changes occurred during refugial phases precipitated by severe droughts, the events would also be consistent with the model. On the other hand, if the cultural changes occurred during periods not characterized by harsh environments, or in dispersed localities outside of the refugium, the events would be inconsistent with the model. The latter case must therefore be shown not to have existed and support comes, as mentioned before, from the silencio arqueologico.

The argument for cultural change during refugial periods is strengthened by evidence from the Puripica site fireplaces. All nine of the dated fireplaces appear chronologically during or close to inferred dry periods. Of these three, or perhaps four, are close enough together to have occurred within a period of drought. Observing strict chronological order, the older two dates (similar to 6,460 ± 230 and 6,150 ± 150 14 C BP) are from small fireplaces, reflecting small, more mobile groups [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF][START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]. A larger and "better structured campsite" containing "a large number of lithic artifacts" [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]) is dated shortly thereafter (similar to 6,130 ± 80 14 C BP). This sequence is suggestive of a rapid increase in population density and technological activity. Indeed, another fireplace dated about 250 14 C years later provides evidence of an "even more diversified technology and occupational pattern" where "components of the Late Archaic period were appearing" [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]. It is t herefore reasonable to suggest that from the beginning of the inferred severe drought around 7,100 YBP to its end around 6,800 YBP significant cultural changes occurred in the Puripica refugium.

As in Africa, the larger scale evolution evidences technological changes that reflect the adaptive process. From early to late, the Puripica site shows a decrease in the abundance of projectile points and a proportional increase in the amount of blades. During this period there was also a transition from hunting to herding [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF][START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]. It is difficult to determine to what extent these changes, apparently precipitated by resource stresses during periods of drought, became partly irreversible due to the loss of knowledge about prerefugial subsistence traditions. The change in use of lithic materials from exotic to local [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]) may simply reflect increased sedentism, but could additionally reflect a loss of technological knowledge required to work the exotic materials. If this be true, they are not likely to reappear in abundance later at the same site.

According to the model presented here, state formation and social stratification are predicated upon the regional resettlement and a repeated drought-related withdrawal to internal refugia with holdover, food-producing, sedentary populations from an earlier refugial phase(s). Such secondary refugia, large enough to avoid collapse under a renewed influx of human and animal populations, are hypothesized to have formed the nuclei of emerging villages and states. Whether such a sequence of events did occur at Puripica cannot be adequately assessed at present. [START_REF] Nunez | The western part of South America (southern Peru, Bolivia, north-west Argentina and Chile) during the Stone Age[END_REF] mentions several waves of hunters colonizing the south-central Andes region during the Holocene, some possibly originating from the central Andes, and at least three hunting traditions, the last emerging after the silencio arqueologico. It is therefore possible that recolonization of the Atacama Altiplano might have occurred from adjacent external refugia. This may be confirmed by evidence, from clearly non-refugial sites, of a different lithic industry than the contemporaneous refugial one(s). It should furthemore be kept in mind that subsequent droughts would also have forced the new colonists to refugia, hence evidence of their lithics may be found in refugia, but not likely the other way round.

Is there evidence for a secondary refugium at the Quebrada Puripica? During the first dry period around 7,000 YBP, technological innovations in the lithic industry produced the first features characteristic of the Late Archaic site (5,700 YBP) at Puripica I on an adjacent hillside [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]. The location itself suggests an awareness of the periodic and devastating floods recorded in the Puripica stratigraphy that affected the contemporaneous P-34 and P-34a sites. Furthermore, the Puripica I site contains architecture (e.g. [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF][START_REF] Nunez | The western part of South America (southern Peru, Bolivia, north-west Argentina and Chile) during the Stone Age[END_REF] while the sedimentary deposits apparently do not. Finally, by 5,700 YBP, both hunting and animal domestication are inferred [START_REF] Grosjean | Mid-Holocene climate and culture change in the Atacama Desert, northern Chile[END_REF]). These conditions are not inconsistent with secondary refugial conditions where the lithic features suggest continuity with the primary refugial stage and the presence of both an elevated location with architecture, and a low-lying occupational site subject to flash floods and without architecture, suggest social stratification. This interpretation is possibly further strengthened by the presence of both hunted and domesticated camelid remains that point to different (but possibly not mutually exclusive) sources of animal food for the upper and lower strata. Signs of ethnic identity occurring at this time (Nunez 1994:357) are also consistent with the model.

The South American sequence culminates with major regional resettlement around 3,400 YBP followed by irrigation agriculture after 3,200 YBP [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF] and the first states after about 2,800 YBP (see Nunez 1994: Table 11). An inspection of Figure 5 reveals the close temporal proximity of two dust spikes (ca. 3,100 and 2,800 YBP, the latter apparently a major event) with these major cultural developments. This temporal proximity is the most recent in a pattern of correspondences between adverse environmental conditions and important directional cultural developments that progressively strengthens the credibility of the model.

Patterns of global synchrony

I wish to point out that this model relies primarily on the density of a population that could be sustained in a refugium, not the size of the refugium itself. The absolute number of people that could be accommodated in close quarters does have a bearing, however, on the final state of complexity achieved, but not the fundamental processes at work. The above case studies should therefore amply illustrate the principles involved. Nevertheless, the cases discussed could be regarded as "micro -refugia" and some concern may be had about their applicability to larger refugia. I provide here further evidence, summarized in Figure 6, of social changes occurring within refugia of different sizes in China and the synchrony of these developments with social changes in Peru in the context of contemporaneous climates. [START_REF] Liu | Settlements patterns, chiefdom vriability, and the development of early states in North China[END_REF] analyzed settlement patterns in the Yellow River valley of China using six settlement clusters of different sizes dated to the Longshan culture (2,800 -2,000 B.C.) to gain insight into the types of social complexity that could be associated with various degrees of circumscription while examining some relevant theoretical concepts (e.g. [START_REF] Carneiro | A theory of the origin of the state[END_REF] as well. Of these, two were smaller circumscribed clusters, another two were similar in size but only partly circumscribed, while the last two were larger clusters, not circumscribed. All of these clusters were already inhabited by people of the Yangshao culture when migrants of the early Longshan started to arrive around 3,000 -2,800 B.C. along with cooler and drier weather. [START_REF] Liu | Settlements patterns, chiefdom vriability, and the development of early states in North China[END_REF] reports a sharp increase in early Longshan settlement size in the confined regions and, by the early Taosi phase soon after (ca. 2,500 B.C.), rapid site nucleation and the emergence of a highly stratified society with large architecture, including elaborate tombs.

The reader is reminded that large high-density populations are important for social change more so than large low-density populations or small high-density populations although these conditions can be thought of as forming the extremes of a continuum. Consequently these smaller constricted refugia where locally high population densities were first realized, as shown by the rapid increase in site size but not site number (Liu 1996:Fig. 29), also witnessed the emergence of the first highly stratified societies but not states. The intermediate and larger refugia further to the east experienced an increase in absolute population, but not in local density, as shown by the rapid increase in site number but not site size (Liu 1996:Fig. 29). This implies that inmigrants tended to spread across the available area rather than to concentrate at specific locations. However, after "saturation" of the larger area with settlements some site nucleation along with the development of regional centers would have occurred -events consistent with observations by Liu (1996:252, 272) and the rigorous mathematical population pressure model of Graber (1997:267).

This stage of population distribution appears to have been reached in the plains region of China when the Yellow River changed its course from south to north around 4,000 YBP [START_REF] Liu | Settlements patterns, chiefdom vriability, and the development of early states in North China[END_REF]. This event is likely to have displaced large numbers of people due to widespread flooding of areas along the river's new course (suggested by the lack of survey data fr om these areas -Liu 1996:273) and the desiccation of areas along its former course. It is suggested that large numbers of people south of the old course would have migrated west to the nearest rivers, thus causing an increase in population density in this already populated area. In fact, the Xia state (3,900 -3,500 YBP) arose, via the intermediate Xinzhai phase, soon after the Yellow River changed its course around 4,000 YBP. Xinzhai is located near the Ying river between the old course of the Yellow River and the later capital at Erlitou in the more circumscribed western part of the larger refugium. Hence we see in China the expected pattern of regional nature-induced human migration, rapid congregation in refugia, followed by equally fast social changes where population densities sharply increased.

The colder and dryer interval that started in China around 5,000 YBP [START_REF] Liu | Settlements patterns, chiefdom vriability, and the development of early states in North China[END_REF], also evinced by stratigrafic changes in biofacies of the Yellow Sea around 2,670 B.C. (Kim and Kucera 2000) and in the Dunde ice cap [START_REF] Thompson | Ice core evidence for climate change in the Tropics: implications for our future[END_REF], heralded the onset of the generally more variable climate regime of the later Holocene (e.g. [START_REF] Swezey | Response of aeolian systems to Holocene climatic and hydrologic changes on the northern margin of the Sahara: a high-resolution record from the Chott Rharsa basin, Tunisia[END_REF][START_REF] Holmes | A high-resolution Holocene ostracod record from the Sahel zone of Northeastern Nigeria[END_REF]).

The semi-global nature of this event is evident from Figures 4, 5 and6, and according to the model, served as a synchronizing factor in human cultural evolution. In coastal Ecuador and Peru, weather patterns became dominated by stronger and more rapidly changing El Niño events [START_REF] Rodbell | An ~15,000-year record of El Niño-driven alluviation in southwestern Ecuador[END_REF], i.e. to simplify -from one every ~55 years to one every ~5 years. During El Niño periods, rainfall occurs frequently up to several hundred kilometers inland along with severe flooding in coastal regions, increased sea surface temperatures and decreased marine resources. During La Niña and normal periods, the coast is extremely dry with concomitant degradation of terrestrial resources, sea surface temperatures are cool, and marine resources plentiful.

Data from Paloma in central Peru indicate that its population increased from stage 400 to 300 but decreased from 300 to 200 (Vradenburg et al. 1997:Table 8-2). When superimposed on El Niño data [START_REF] Rodbell | An ~15,000-year record of El Niño-driven alluviation in southwestern Ecuador[END_REF] as shown in Figure 6, it suggests that the population of Paloma increased during the dry period, but started to decrease again during the succeeding El Niño period when rainfall and terrestrial resources became more plentiful. Vradenburg et al. (1997:164) found this perplexing: "However, the demographically estimated negative growth rates (-.5%, -1%) remain unexplained. In brief, why would a population characterized by abundant food resources, improving health, and space for expansion yield estimates of negative growth?" According to the model given here, some degree of recolonization of the hinterland occurred leading to a decline in the population of Paloma. This view is also in agreement with [START_REF] Graber | A rigorous approach to population pressure's contribution to cultural evolution[END_REF] model under conditions of no inhibition of expansion. These events suggest that Palomans did not loose so much information as to represent a significant barrier to the partial recolonization of former areas. Nevertheless, there appears to be evidence for a small holdover population (Vradenburg et al. 1997:163).

The relocation to the nearby Chilca 1 site occurred possibly during the next dry period rather than as a more direct population transfer from Paloma to Chilca 1. In fact, dates reported from Caral in the Supe valley [START_REF] Solis | Dating Caral, a preceramic dite in the Supe valley on the central coast of Peru[END_REF]) which was occupied from ca. 4,600 -4,000 YBP and where the first monumental architecture occurred, show a distribution in phase with dry coastal periods (Figure 5). Caral and Paloma did not serve again as refugia after their respective abandonments, a condition that may reflect refugial degradation during the preceding period of refuge, different social dynamics (e.g. warfare, epidemics, etc.), geological changes (changed river courses, changed water tables, etc.), or other reasons still to be determined.

Due perhaps to a higher original regional population and consistent with an African origin for modern humans, these events may have occurred earlier in the Levant. It is clear that the dramatic build-up in south-central Levantine site populations closely match the adverse environmental changes estimated for the nearby Western Desert. Furthermore, [START_REF] Kuijt | People and space in early agricultural villages: exploring daily lives, community size, and architecture in the late pre-pottery Neolithic[END_REF] points out that it is only around 8,300 -8,000 YBP "that we see extensive mortuary goods and differential treatment of the dead. Just as importantly, the abandonment of PPNB lifeways around 8,000 B.P. and the transition to small Pottery Neolithic hamlets containing fewer than a hundred people, reflects a process of decentralization and social fragmentation...". Although the author [START_REF] Kuijt | People and space in early agricultural villages: exploring daily lives, community size, and architecture in the late pre-pottery Neolithic[END_REF] elaborates a different thesis, these Levantine data are strongly suggestive of a sudden population influx to several internal refugia in response to the severe climatic downturn around 8,200 YBP causing a sudden increase in population densities with subsequent resource exhaustion, a resulting famine with the demise of perhaps unprecedented numbers of people, giving rise to ritual and mortuary practices, and the final collapse of many of these refugial sites with the dispersal of their survivors who then established smaller hamlets in the region, remaining sedentary. All of these events, in particular their sequences, are consistent with the model. It is also of interest to note that Kuijt (2000:Figure 3) indicates periods of group burials occurred roughly from 12,600 to 11,300 YBP, coincident with the Younger Dryas, and again around 8,000 YBP, coincident with the coldest and driest event of the early Holocene.

Clearly, many social changes occurred in synchrony around the world during periods of semi-global adverse climate conditions: in China, social stratification, large scale architecture, and elaborate tombs emerged with the onset of a dry climate around 5,000 -4,800 YBP [START_REF] Liu | Settlements patterns, chiefdom vriability, and the development of early states in North China[END_REF]; in India, lake levels in the present-day Thar desert started to decline until completely dry by 5,500 YBP and the early Harappan civilization arose soon afterward [START_REF] Enzel | High-resolution Holocene environmental changes in the Thar Desert, northwestern India[END_REF] around 5,100 YBP; in Egypt pyramid construction at the beginning of the Old Kingdom around 4,700 YBP was preceded by changes in mortality profiles and a decline in Nile flood levels evident from around 5,000 YBP onwards [START_REF] Sterling | Mortuary profiles as indicators of slowed reproductive rates: evidence from ancient Egypt[END_REF]; and in Peru, the climate became more unstable around 5,000 YBP as shown by the onset of fully modern El Niño conditions [START_REF] Rodbell | An ~15,000-year record of El Niño-driven alluviation in southwestern Ecuador[END_REF]) and the first monumental architecture in the central Andean coast at Caral followed around 4,700 YBP [START_REF] Solis | Dating Caral, a preceramic dite in the Supe valley on the central coast of Peru[END_REF]). More temporal correspondences will no doubt come to light.

CONCLUSIONS

The reader may realize that the proposed model is idealized for easier communication and the choice of climate events is mainly for illustrative purposes. This idealized version makes explicit the general principles that may account for the Neolithic phase of human social development without denying the influence of local conditions. It should therefore be clear that many non-arbitrary variants, all consistent with the basic premises of this theory, could exist. In particular, the model suggests that some event (not necessarily a drought) affected a large area populated by hunter-gatherers in a fashion that displaced them to a confined location with needed resources. Within this medium-sized location resources became stressed, and since they were not available elsewhere, a change had to occur in their utilization. Without such change, the refugium faced collapse and many probably did. If this location was small with limited resources, it collapsed. If it was large with abundant resources, no change in resource utilization would have been necessary. The emphasis placed on droughts in this communication reflects the fact that, of the possible dislocating events, droughts were deemed the most likely. However, another dislocating process (e.g. the change in the course of the Yellow River; the desiccation of the Sarasvati river; the flooding of the Black Sea basin) producing the same sort of dislocation followed by migration to an internal refugium is still consistent with the basic structure of the model.

Furthermore, droughts are consistent with the emergence of refugial populations hypersensitive to climate phenomena and may be manifest in 'rainmaker' rituals, celestial -type religions, and the building of pyramidal structures in many civilizations to more closely approach the heavenly water sources. The concomitant widespread starvation may have provided the impetus for Neolithic and later mortuary practices. Hence, the temporal and spatial distribution of languages, religions, mortuary rituals, architecture, art, social structures, and human genetic diversity could all be expected to reflect the general sequences delineated in this model but with locality-induced variations.

It should also be evident that a refugium could have collapsed at any stage of the social development sequence, that is, as soon as its resources became exhausted. Indeed, several recent reports have pointed to the connection between droughts and the collapse of refugia whose inhabitants have already reached the stage of statehood, for example the Maya [START_REF] Hodell | Possible role of climate in the collapse of the Classic Maya Civilization[END_REF] and the Akkadians (Cullen et al. 2000). What happened to the inhabitants of collapsed refugia? Many may have perished, others may have dispersed in a search of alternative refugia. The population of a collapsing refugium would have taken their refugial knowledge and social structure along with them, potentially establishing like communities elsewhere or influencing those already extant: events congruent with the diffusionist ideas of [START_REF] Sauer | Agricultural origins and dispersal[END_REF] and suggested by the data from marginalized populations in Ethiopia as reported by [START_REF] Pankhurst | Caste' in Africa: the evidence from south -western Ethiopia reconsidered[END_REF]. An interesting example may be that of Nabta Playa whence important social influences on the predynastic Egyptian societies may have originated [START_REF] Malville | Megaliths and Neolithic astronomy in southern Egypt[END_REF][START_REF] Wendorf | Nabta Playa and its role in northeastern African prehistory[END_REF].

Finally, keep in mind that the same processes may indeed have occurred much earlier than the onset of the Bolling-Allerod, the essential requirement being a sufficiently large human population to have caused sudden and significant resource stresses in the locality where they were displaced to. This makes the rise of a civilization millennia earlier, perhaps up to the first human population expansion around 110,000 YBP (e.g. Excoffier and Schneider 1999), unlikely but not impossible.

With this approach, I account for the causal factors of early human social evolution, the sequencing and synchrony of events, and their independence of origin. It is not a theory that leans exclusively on one or another factor, neither is it a non-committal "multi -factorial" explanation. Instead, it integrates many factors, recognized by others as causal factors of social evolution, in a coherent and specific sequence, clearly identifying the triggering events and the boundary conditions needed for the evolutionary process to unfold.

The present analysis also has implications for the future of the human species. Generally speaking, many resources are coming increasingly under stress and some are collapsing. Furthermore, the growth in the global population has been such as to render the concept of external refugium (i.e. large enough to accommodate large numbers of people with relatively little upheaval) in the current global context meaningless. However, the capacity of the environment to produce sudden and drastic changes to our habitat has not been blunted. In particular, by accelerating global warming, we may paradoxically precipitate a glacial period [START_REF] Broecker | What if the conveyor were to shut down? Reflections on a possible outcome of the great global experiment[END_REF]. Knowing that such a change could occur within one or two decades, rendering large parts of the world arid and unproductive, and displacing millions of people to the remaining internal refugia, we should consider its ramifications. Besides the obvious costs in terms of human suffering and environmental collapse, the intriguing possibility remains that a further quantum leap in social and cultural evolution could occur. But what form would this new dispensation take -should we dread, or rejoice, or be galvanized into action to shape a new destiny?

The answer, I hope, could be summarized by the maxim: "Necessity is the mother of invention". Necessity provided by the fickle fortunes and constraints of Nature and, invention, the adaptive human reply.

Table A1

The characterization of regions globally that possibly functioned as refugia when dry events occurred during the Holocene. These include (i) the index of the refugium (from Figure 3); (ii) its location; (iii) the estimated flat area of the basin (km 2 ); (iv) the estimated mountainous area of the basin (km 2 ); (v) the estimated refugium size (km 2 ); (vi); the estimated total post-flux refugial population; (vii) 

Table A2

The characterization of regions globally that possibly functioned as refugia when dry events occurred during the Holocene. These include (i) the index of the refugium (from Figure 3); (ii) its location; (iii) the estimated population in the refugium's "drainage basin"; (iv) the category of refugium (internal or external); (v) whether the refugium be constricted geographically; (vi) the estimated final population density (primary refugia); (vii) An inspection of the graph revealed that the initial flood event recorded in the Puripca stratigraphy occurred at the tail end of the coeval dust spike. This made intuitive sense given that the presence of a dust spike was indicative of denuded ground cover and the absence of surface cover would facilitate debris flows during heavy rain storms. Although such coincidences between dust spikes and flood events did not seem to occur in the remainder of the graph, it was observed that the specific patterns of flood events mimicked that of the dust spikes. It was therefore decided to align the flood events with the matching dust spikes and the resulting, now non-linear, stratigraphic data were replotted on the Sajama time-scale.

Since the flood events were synchronized with dust spikes, a χ 2 -test was not performed. However, the accuracy of the Puripica reconstruction was confirmed by comparing the dates for the adjusted flood events taken from the Sajama time-scale to the hitherto unused calibrated radiocarbon dates between the oldest and youngest dates. A good agreement between the published and reconstructed dates were obtained.

The duration of cultural phases was based on Grosjean et al. (1997: 244, 245) and Nunez (1994: Table 11). The radiometric dates were calibrated as before and the results plotted along with the environmental data as shown in Figure 5.

  Figure 3Putative refugial areas when large regions of the world suddenly became arid (see Figure1, arrows indicate general migration patterns) during sudden cold events occurring within mild periods. Labels refer to TablesA1 and A2in Appendix A.

Figure 4

 4 Figure 4 Adverse environmental conditions (i.e. higher numbers) at Dakhleh oasis correspond with peaks in occupation dates during the early and mid Holocene. Cultural phases are shown in different grey levels starting from the most recent: Bashendi B; Bashendi A; General; and Masara. The later Sheikh Muftah cultural unit is not shown but occupation occurs after about 6,400 YBP.

Figure 6

 6 Figure 6 Environmental conditions reflected by the content of the Dunde ice cap (oxygen isotopes) and the Laguna Pallcacocha (sediment bulk density) show a close temporal relationship with Holocene cultural phases in China and Peru, respectively. E = Early; M = Middle; L = Late; PC = Preceramic; Horzn. = Horizon; Int. = Intermediate; S = Salinar; G = Gallinazo; M = Moche.

  Figure B1Reconstructions of the Holocene eastern Sahara climate from independent data sources. The primary reconstruction based on data from a locality close to Dakhleh oasis is shown as a solid trace while the control reconstruction, the dotted trace, is based on data from the wider general area. See the text for references.

  

  

  

  

  

  

Table I

 I Selected cultural changes evident from the different occupation phases of Dakhleh oasis.

	Cultural phase	Masara	Bashendi A	Bashendi B	Sheikh Muftah
			early	late		
	Arrowheads	prominent	numerous	present	rare
	Abundance		>25%		<10%
	Variety		7 types	less so?	2 types
	Tranchets	none	none	rare	present	
	Denticulates		<15%		>25%
	Sickles				rare	present
	Pottery	none	none	rare	rare	abundant
	Size				small	larger
	Variety				little	varied
	Feral cattle			1.0		0.36
	Domesticates					
	Cattle			0.23		1.0
	Goats			0.17		1.0
	Sites	12?	16		17	70
	to oasis center	far (plateau)	closer (basin floor)	close (periphery)	very close
	blank cells = information not available.		

  and a qualitative assessment of resources available within a refugium. The merit of this information resides primarily in its illustrative nature since numerous refugia, of varying attributes, likely existed in reality.

	Nr.	Location	"Basin" Population Internal Constricted Density Resources
	1	American Plains	-	No	No	n/a	Plenty
	2	California	~4,000	Yes	No	2	Adequate
	3	Lower Colorado	~4,000	Yes	Yes	1	Adequate
	4	Mesoamerica	~30,000	No	Yes	2	Plenty
	5	Andes	~20,000	Yes	Yes	19	Limited
	6	Amazon region	-	No	No	n/a	Plenty
	7	Parana	-	No	No	n/a	Plenty
	8	Orange	~60,000	Yes	Yes	47	Limited
	9	Equatorial Africa	-	No	No	n/a	Plenty
	10	Senegal	~125,000	Yes	No	83	Limited
	11	Atlas	~115,000	Yes	Yes	383	Little
	12	Tunis	~150,000	Yes	Yes	565	Little
	13	Lower Nile	~275,000	Yes	Yes	138	Adequate
	14	Jordan	~15,000	Yes	No	27	Limited
	15	Mesopotamia	~120,000	Yes	Yes	49	Adequate
	16	Indus	~60,000	Yes	Yes	25	Adequate
	17	Ganges	~100,000	Yes	No	2	Plenty
	18	Central Asia	-	No	No	n/a	Plenty
	19	Tarim	~55,000	Yes	Yes	55	Limited
	20	Sezchuan	~1,000	Yes	Yes	1	Adequate
	21	Lower Liao	~20,000	Yes	Yes	68	Adequate
	22	Eastern China		Yes	Yes		Adequate
		Huang He	~30,000			19	
		Chang Jiang	~30,000			12	
	23 South Eastern Asia	-	No	No	n/a	Plenty
	24	Darling (Western	~5,000	Yes	Yes	41	Little
		Australia)					
	25	Eastern Australia	-	No	No	n/a	Plenty

Appendix A

In abstract form, the model of human social development I have proposed here consists of a suitably large population preexisting in a population basin, a dislocating event, and a site of refuge. When the dislocating event becomes manifest, the rational response of people causes them to seek refuge. If the site of refuge is such that an increase in population density occurs and can be maintained, a population restructuring follows. Repeated sequences affecting regional and localized populations further modifies the existing social structures.

Migration

Humans societies are vulnerable to climate changes (e.g. Cullen et al. 2000;[START_REF] Benedict | Effects of changing climate on game-animal and human use of the Colorado High Country (U.S.A.) since 1000 BC[END_REF][START_REF] Hodell | Possible role of climate in the collapse of the Classic Maya Civilization[END_REF] and frequently respond to climate changes by migration, e.g. in the Levant [START_REF] Kuijt | People and space in early agricultural villages: exploring daily lives, community size, and architecture in the late pre-pottery Neolithic[END_REF], east Africa [START_REF] Robertshaw | Climate change and the rise of political complexity in western Uganda[END_REF], India [START_REF] Kalyanaraman | Sarasvati river (circa 3000 to 1500 B.C.)[END_REF], and North America [START_REF] Benedict | Effects of changing climate on game-animal and human use of the Colorado High Country (U.S.A.) since 1000 BC[END_REF], to name a few. In this model I make the assumption that foraging peoples in prehistoric times responded more quickly to climate changes than sedentary populations (e.g. [START_REF] Benedict | Effects of changing climate on game-animal and human use of the Colorado High Country (U.S.A.) since 1000 BC[END_REF][START_REF] Brenner | Human dimensions of global change in the Americas: a synthesis of PEP 1 presentations[END_REF].

Population basins

In order to obtain qualitative estimates of the population densities likely to have occurred in those internal refugia identified in Figure 3, I have made the following working assumptions: (i) that populations were distributed evenly across the middle latitudes of the world, things being equal; (ii) that plains supported higher population densities (0.1 persons/km 2 ) than mountainous terrain (0.01 persons/km 2 ) (estimated after [START_REF] Armelagos | The origins of agriculture: population growth during a period of declining health[END_REF]; see also Kelly 1995:Table 6-4); (iii) that migration generally occurred from the tropic of Cancer northward for populations north of this latitude, towards the equator for populations south thereof, as well as for those north of the tropic of Capricorn, and southward otherwise, as evidence from the Sahara suggests (e.g. Dutour 1998:141;McDonald 1998b:134); (iv) that people and animals generally followed waterways during migrations (in North America e.g. [START_REF] Anderson | Paleoindian colonization of the Americas: implications from an examination of physiography, demography, and artifact distribution[END_REF] the Sahara e.g. [START_REF] Pachur | Late Quarternary palaeoecology and palaeoclimates of the eastern Sahara[END_REF][START_REF] Krings | mtDNA analysis of Nile river valley populations: a genetic corridor or a barrier to migration?[END_REF]and India e.g. Kalyanaraman 1997), hence drainage basins were used to infer in which directions people migrated locally (where (iii) conflicted with (iv), the latter took presedence); (v) and that all persons within the population drainage basin of a refugium eventually migrated to that refugium. The general refugia so determined are shown in Figure A1 and attributes of these refugia are presented in Tables A1 andA2. The size of a refugium was estimated as being within 1 km on either side of a water source for as long a distance as some seasonal flooding might have occurred. Data, 1990Data, -1999)).

Population migration patterns Assumption (iv) above asserts that people, in general, migrated along water ways. I have refined this assumption as described below in subsidiary assumptions, some justified with evidence, and illustrated them in Figure A2. Direction of migration. (i) Migrations occurred most likely along streams and rivers in a downstream direction. Here more water was to be found than at the headwaters, as amounts derived even from other disappearing tributaries and possibly also from stable sources. River and stream beds, especially with low water levels, may also have provided convenient migration ways (e.g. Pachur and Hoelzmann 2000:930). (ii) Migrations occurred less likely upstream -only if the original territory was located downstream and was known to have become arid. (iii) Migrations occurred least likely orthogonal to stream directions. However, this may have been the case where a coastline or mountain range forced such migration. The closer the spacing between adjacent "parallel" streams, the more likely this type of m igration would have been.

There are a number of such regions that could be suggested; [START_REF] Kalyanaraman | Sarasvati river (circa 3000 to 1500 B.C.)[END_REF] indicates that with the dessication of the Sarasvati river after about 5,000 YBP migrations occurred along the river to the west coast of India and from there southward along the coast; and [START_REF] Nunez | The western part of South America (southern Peru, Bolivia, north-west Argentina and Chile) during the Stone Age[END_REF] suggests that southward migrations occurred along the Andes.

Termination of migration. The congregation of peoples migrating along river and stream beds upon available water sources may have forced those already there to move still further. Such migration terminated when: (i) the population managed to escape to an external refugium, e.g. migration was possible along palaeodrainages from the Tibesti Mountains to the Chad Basin [START_REF] Pachur | Late Quarternary palaeoecology and palaeoclimates of the eastern Sahara[END_REF] 

Figure A2. Migration patterns likely given the prevailing local geographical features, all else being equal (top panel) and climate conditions that may make such migration patterns possible (bottom panel). The gradients in the bottom panel valleys indicate climate conditions (whiter is drier, applicable to valleys only). The bottom panel also shows an internal refugium and its hinterland

consiting of a northern and southern region connected by a narrow gorge. The population density for the entire hinterland is taken as 0.1 persons/km 2 and the entire population of this hinterland is assumed to have migrated to the internal refugium which spans the area of the river delta and immediate flood plain only. This area is about 10% of that of the hinterland and its population density after migration 1.0 persons/km 2 .

Population densities

Paleoclimatological data seem to indicate that southern Africa, Australia, and perhaps southern South America did not experience such large climate changes as are known to have occurred in the northern hemisphere (data compiled by [START_REF] Adams | Global land environments since the last interglacial[END_REF]. In particular, southern Social Evolution -49 Africa and Australia seem to have had climates largely similar to those of the present. This would indicate that populations were overestimated for the Orange and Darling refugia and that they experienced no appreciable increase in population densities.

The Atlas and Tunis refugia in northern Africa, on the other hand, probably experienced extremely large increases in population densities (approximately 4,000 -5,000 %). It is therefore likely that these refugia collapsed under the burden of sudden human and animal demands, given the limited sources of open water in these areas. A palaeoarchitectural analysis by [START_REF] Kuijt | People and space in early agricultural villages: exploring daily lives, community size, and architecture in the late pre-pottery Neolithic[END_REF] of south-central Levantine settlements suggests a 5,000% increase in site size starting fairly suddenly and peaking around 8,200 YBP. This is of considerable interest here since the most severe and widespread adverse climatic event during the early Holocene has also been dated to 8,200 YBP (e.g. [START_REF] Alley | Holocene climatic instability: A large event 8000-8400 years ago[END_REF]. Figure A3 superimposes demographic and climate data from this period and region for comparison.

Figure A3

The changes in adverse environmental conditions reconstructed for the Western Desert superimposed with a plot of south-central Levantine population site sizes (the latter drawn from Kuijt, 2000:Figure 4). See also Figure 2.

Appendix B

The following are explanations of the procedures for generating the climate and cultural time-line reconstructions for the Sahara and Atacama sites. Published data were either manually or electronically digitized with custom software and entered into a data visualization application (HiQ 4.1, National Instruments Corporation, Austin, TX) running under Windows 98 (Microsoft, Redmond, WA) on an Intel Celeron 366 Mhz platform (Intel, Santa Clara, CA).

Dakhleh oasis

Independent reconstructions were made in order to use the one as a control for the other. First, data from the Dry Selima oasis (Pachur and Hoelzmann 2000: Figure 2 no. 8) stratigraphic record were calibrated with radiocarbon dates using a spline fit and then calibrated to calender years with CALIB 4.2 (University of Washington, Quaternary Isotope Lab, [START_REF] Stuiver | Extended 14 C data base and revised CALIB 3.0 14 C age calibration program[END_REF], http://depts.washington.edu/qil/). The plots of carbonates and ion ratios were digitized, synchronized with the stratigraphic record (hence age-calibrated), and individually normalized with regard to peak height to facilitate compatibility. The average of these plots was used as the primary approximate climate reconstruction for Dakhleh oasis during the early to mid-Holocene.

The control reconstruction was obtained by manually assembling published data regarding conditions in the neighboring Nabta Playa [START_REF] Malville | Megaliths and Neolithic astronomy in southern Egypt[END_REF][START_REF] Wendorf | Nabta Playa and its role in northeastern African prehistory[END_REF], Eastern Desert [START_REF] Moeyersons | Holocene environmental changes in the Gebel Umm Hammad, Eastern Desert, Egypt[END_REF], central Sudan [START_REF] Lario | Palaeoenvironmental evolution of the Blue Nile (central Sudan) during the early and mid-Holocene (Mesolithic-Neolithic transition)[END_REF], and elsewhere in north Africa [START_REF] Gasse | Hydrological changes in the African tropics since the Last Glacial Maximum[END_REF]. The information was encoded as either dry (1.0) or not dry (0.0) where binary, or scaled depending on the qualitative levels of intensity mentioned in the reports, e.g. dry (1.0), less dry (0.5), and wet (0.0). The five data sets so obtained were combined to obtain an average and the result was interpolated with a cubic spline to form the independent control climate approximation. It is of interest to note that a χ 2 -test of the two reconstructions revealed a considerable chance of having been drawn from the same parent population (χ 2 = 957.23; χ 2 0.99 = 4434; χ 2 0.005 = 4283; n = 4280; r = 0.466). Since a large scale consistency between the reconstructions was apparent, their average was taken as the final estimate of the Dakhleh Holocene climate. Figure B1 shows the two independent sets for comparison.

The cultural data, obtained from McDonald (1998a), were also normalized with regard to intensity (i.e. number of dates per period). The dates were calibrated as for the climate reconstructions and the results were then plotted along with the climate reconstruction in Figure 4 for comparison. A χ 2 -test of the climate and cultural reconstructions also indicated an very considerable chance of being from the same parent population (χ 2 = 1197.33; χ 2 0.99 = 4434; χ 2 0.005 = 4283; n = 4280; r = 0.324), confirming that a correspondence of Dakhleh settlement dates with adverse environmental conditions is statistically tenable .

Puripica wetlands

Oxygen isotope, dust, and nitrate data from the Sajama Core 1 record (Thompson 2000: Figure 14) were digitized, individually normalized, and plotted. Note that decreases in δ 18 O levels are followed by increased nitrate levels and these in turn by dust spikes. Stratigraphic data from the Puripica gorge [START_REF] Messerli | From nature-dominated to human-dominated environmental changes[END_REF]: Figure 4 sequence A) were digitized, calibrated with the reported oldest and youngest radiocarbon dates using a linear fit, and followed by a calibration to calender years as indicated before. The data obtained in this manner were plotted to the same graph as that containing the earlier Sajama plots.